# NATIONAL AERONAUTICS AND SPACE ADMINISTRATION

A'PERFORMANCE ANALYSIS .

_OF THE APOLLO UNIFIED S-BAND
COMMUNICATIONS SYSTEM FOR A TYPICAL

LUNAR MISSION

L4
ol N67-39125
iTels O (ACCESSiOoN NUMRE e
RY)
i o P .
........ 5 / /! /{ R { /
------- | dud (PAGE : - F—
oooooooo 5. {CopE)
...... o
....... YT Lol
.............. =~ e 0
.:.:.:.:o:n:.: ! (NASA dR'OR TMX OR AD NUMBER) (CATEGORY) /' 7
........
ooooooo .

PR,

s P . ,,'.
AR A
. ISR ) .

. 4 R ATERRPARY 2.
N $ e ”

-, - -"
B “ b4

-~
-

INFORMATION SYSTEMS DIVISION

MANNED SPACECRAFT CENTER
HOUSTON, TEXAS



MSC INTERNAL NOTE MSC-EB-R-67-1
~May 1, 1967/

/‘;i

e A PERFORMANCE ANALYSIS
OF THE-APOLLO UNIFIED!S- BAND
COMMUNICATIONS SYSTEM FOR A TYPICAL

LUNAR MISSION ;.

Prepared by:« C. T. Dawson (
Applied Analysis Section

// /(,/ (&M\L&f
G.D. Arndt, Head . .
Appljed Analysis Section

/4.

¢ R.,W. Moofehead,]Chief
Systems Analysis Branch

Approved: H.C! Kyle, Technical’Manager
Apollo Communication Systems

P

Approved: P.H. Vavra, Chief
Information Systems Division

INFORMATION SYSTEMS DIVISION
Aot MANNED SPACECRAFT CENTER
e HOUSTON, TEXAS 7



Section

TABLE OF CONTENTS

List of Abbreviations

1.0

2.0

2.1

2.2

2.3

2.4

3.0

3.1

3.1.1 CSM PM Mode 8 (BU Voice. 1.6Kbps TLM) . . . . . . . ..

3.1.2 CSMFMModes 1, 2, and4 ., . . . v v &+ &« &« = s s s s s =

3.1.3 LM PM Mode 4 (BU Voice, 1.6Kbps TLM) . . . « « « « . .

3.2 Acceptable Modes Performance . . .« « v + &« v 4 4 0w

3.2.1 CSM PM Normal Modes (Modes 1. 2. 3. and4). . . . . . . .

3.2.2 CSM PM Contingency Modes (Modes 5. 6. 7. 9. and 10) . . . .

3.2.3 CSMFMMode3 . . & @ v v i vt i st s e e e

3.2.4 LM PM Normal Modes (Modes 1. 2. and7) . + « « « « &« «

3.2.5 LM PM Contingency Modes (Modes 3. 5. 6. and8) . . . . . .

3.26 LMFMModes . « & v v & v & 4 v s 0 s 8 x5 n nnn e e

4.0 Up-Link Modes Circuit Margin Analysis . + « « « + « « + « .

4.1 CSMUp-LiNkMargins + + + « + + + ¢ &« s # s s s s s « « &

4.2 LM Up-LinkMargins « v v v & & & & s s s s s s s s s & & »

Appendix

A System Parameter Values for Circuit Margin Calculations

B Sample Calculations .+ & &« v v ¢ o v vt f h e e e s

C A Discussion of FM Mode-As-A-Whole Margins in Terms of
Output Performance . « & & & & & & = & = = = = = &

D Discussion of BU Voice Interference in the 1. 6Kbps TLM
Channel « « = & & &« &« = = s 2 = % = s s = s &« s &a &

E Second-Order Circuit Margin Degradations .« « « « « « =« & &

SUMMAIY v v & v v s s v n s n n s n n s xw s e e

Introduction . + v & v v & d e e e e e e e e e e e e e
Circuit Margin Definition . . + « « v + « v v+ 4 4 v e a
Circuit Margin Computer Program . . « « & + + & & & & s s
TrajectoryData . = « & v ¢ 4 v 4 v & v & 4 & 4 s n xn e e

Omni Antennas

Down-Link Modes Circuit Margin Analysis « « . « « « + « « &
Marginal Modes Performance . . . « «+ &« + &« v & & « & & &

References

Page

juy
1
[y

NNII\)NN



[ | 1
I\)I’\)HH};HI;I=I=I)I)I:(OCG IS:
ROWOWLONSOhWNRFO

WWWww w wwwwwwcrawwoooooooowwoooo

-26

LIST OF FIGURES

Title Page

Identification of Points at which Down-Link Circuit Margins are

Calculated in an MSFN Receiver. « « v v v & v & & &« « & 2-2
Identification of Points at which Up-Link Circuit Margins

are Calculated inan SC Receiver . . + « v + &« & + & & 2-3
Circuit Margin Timeline DataFlow . . « + « + &« &« + & + & + & 2-4
CSM Mode 8 Circuit Margin Plot; Nominal and Worst Cases.

Lunar Orbit (ThirdDay) « + =« & &« + & & & &+ & & = = & 3-3
CSM Mode 8 Circuit Margin Plot; Nominal and Worst Cases.

Lunar Orbit (FourthDay) . + = « « « « v v & 4 &« & & 3-4
CSM FM Mode-As-A-Whole (Modes L 2. and 4) Nominal and

Worst Cases. TLC . . & & & v v 4 v & 4 & v 2 0 s & 3-5
CSM FM Mode-As-A-Whole (Modes L. 2. and 4) Lunar Orbit

Worst Cases. LunarOrbit . . . .« « + &« v v & & &« 3-6
LM Mode 4 Circuit Margin Plot; Nominal and Worst Cases . . . . 3-8
CSM Mode 1 Circuit Margin Plot; Worst Case. TLC. . . . . . . 3-12
CSM Mode 1 Circuit Margin Plot; Worst Case. Lunar Orbit . , ., ., 3-13
CSM Mode 1 Station Coverage; Worst Case. TLC . . . . . . . . 3-14
CSM Mode 1 Station Coverage; Worst Case. Lunar Orbit ., ., . ., . 3-15
CSM Mode 2 Circuit Margin Plot; Worst Case. TLC . . . . . . . 3-16
CSM Mode 2 Circuit Margin Plot; Worst Case. Lunar Orbit , , . . 3-17
CSM Mode 2 Station Coverage; Worst Case. TLC . . . . . . . . 3-18
CSM Mode 2 Station Coverage; Worst Case. Lunar Orbit. . . . . 3-19
CSM Mode 2 Circuit Margin Plot. Worst Case. Lunar Orbit . . . . 3-20
CSM Mode 2 Station Coverage; Worst Case. TLC . . . . . . . . 3-21
CSM Mode 2 Station Coverage; Lunar Orbit « + . « « « &« « .« 3-22
CSM Mode 3 Circuit Margin Plot; Worst Case. TLC . . . . . . 3-23
CSM Mode 3 Circuit Margin Plot; Worst Case. Lunar Orbit . . . . 3-24
CSM Mode 3 Station Coverage; Worst Case. TLC . . . . . . . . 3-25
CSM Mode 3 Station Coverage; Worst Case. Lunar Orbit . . . . . 3-26
CSM Mode 5 Circuit Margin Plot; Nominal and Worst Cases.

Lunar Orbit « « + & & & & & & & & 5 & & = = = = x ow o= 3-27
CSM Mode 5 Station Coverage; Worst Case. Lunar Orbit . . . . . 3-28
CSM Mode 6 Circuit Margin Plot; Worst Case. Lunar Orbit . . . . 3-29
CSM Mode 6 Station Coverage; Worst Case. Lunar Orbit. . . . . 3-30
CSM Mode 10 Circuit Margin Plot; Worst Case. Lunar Orbit . . . . 3-31
CSM Mode 10 Station Coverage; Worst Case. Lunar Orbit . . . 3-32
CSM FM Mode-As-A-Whole (FM Mode 3) Circuit Margin Plot;

Worst Case. Lunar Orbit . . . .« « « . . . 3-35
CSM FM Mode-As-A-Whole (FM Mode 3) Station Coverage

Worst Case. LunarOrbit. + = « v + & v v+ & 4« & & 3-36

LM Mode 1 Circuit Margin Plot; Steerable Antenna. Worst Case.
LunarDistance « = = = = & s s = =« =« s« s = = = & s s

3-37



Figure

3-30
3-31
3-32

3-33
3-34

3-35
3-36

3-37
3-38

3-39

3-40
3-41

3-42
3-43

3-44
3-45

3-46
3-47

3-48
3-49
3-50
3-51
3-52

3-53

LIST OF FIGURES (Continued)

Title

LM Mode 1 Circuit Margin Plot; Erectable Antenna, Worst Case,
LunarDistance . .« « &« & v & v & 2 ¢ 5 2 5 8 & & =

LM Mode 1 Circuit Margin Plot Steerable Antenna, Worst Case,

Lunar DistanCe . . v & & & &+ « & & & s & 5 = = = *+ =

LM Mode 1Circuit Margin Plot; Erectable Antenna, Worst Case,

LunarDistanCe .+ . ¢ & & & & o « = s &« s © = = » = » =

LM Mode 1 Station Coverage; "Worst Case Descent- Ascent e
LM Mode 2 Circuit Margin Plot, Steerable Antenna; Worst Case,

LunarDistanCce . + v v & = =« = « = = s = = = =« = = =

LM Mode 2 Circuit Margin PIot Erectable Antenna; Worst Case,

LunarDistance . . & +v & ¢ & « & 5 = s = 5 ¢ 2 & *» =

LM Mode 2 Circuit Margin Plot Steerable Antenna; Worst Case,
LunarDistance . « « ¢ v & v+ 4 & 0 w8 x s, ow ow

LM Mode 2 Station Coverage; Worst Case, Lunar Distance

LM Mode 7 Circuit Margin Plot, Erectable Antenna; Worst Case,

LunarStay .« & & & v & & & 5 s x h w w s woaowow s
LM Mode 7 Circuit Margin Plot Erectable Antenna; Worst Case,
Lunar Stay . . . . « . .+« . . .

LM Mode 7 Station Coverage Worst Case Lunar Stay
LM Mode 3 Circuit Margin Plot; Nominal and Worst Cases,
Lunar Distance . .« « « « « & & & 4 .
LM Mode 3 Station Coverage, Worst Case, Lunar Dlstance . .
LM Mode 5 Circuit Margin Plot; Nominal and Worst Cases,
Lunar Distance . . . & & « + &« & & = & & & & . .
LM Mode 5 Station Coverage; Worst Case Lunar Distance - -
LM Mode 6 Circuit Margin Plot; Nominal and Worst Cases
LunarDistance . . . & v + &« v ¢ & v v x4 s ow oo
LM Mode 6 Station Coverage; Worst Case, Lunar Distance -
LM Mode 8 Circuit Margin Plot; Steerable Antenna Worst
Case, Lunar Distance

LM Mode 8 Station Coverage; Worst Case Descent Ascent R

LM Mode 8 Circuit Margin Plot Worst Case Lunar Distance . .
LM Mode 8 Station Coverage; Worst Case, Lunar Distance
LM FM Mode-As-A-Whole Circuit Margin Plot, Steerable

Antenna; Nominal and Worst Cases, Lunar Distance . . . .

LM FM Mode-As-A-Whole Circuit Margin Plot, Erectable

Antenna; Nominal and Worst Cases, Lunar Distance . . .

LM FM Mode-As-A-Whole Station Coverage; Worst Case,
Lunar Distance . . « « &« , « & « & &

Block Diagram of FM Demodulation Channels in an MSFN
Receiver « & v & v v v 4 e h e h e f e e e e e e

. 3-63
. 3-64

. C-2



Figure
C-2
C-3
C-4
C-5
C-6

C-7
Cc-8

C-9

C-10

C-11
C-12

C-13

D-1

E-1

E-3

LIST OF FIGURES (Continued)

Title

Expected BER Versus SNR;, for 32:1 CSM TLM, CSM FM
ModeZ . . v & v e e e e e e e e e e e e e e e e s

Expected BER Versus SNRj, for FM Mode 3 with 0 and 400 KHz
Frequency Offsets, CSM Mode 3 . . . . .

Expected BER Versus SNR;, for LM Modes 9 and 10 Usmg
Performance and Interface Specification Parameters . . .

Expected SNRout Versus SNRijp Characteristics for 32:1 Playback
Voice, CSM Mode 2. .

Expected Transfer Characteristics, SNRout Versus SNRm for the
Voice Channel Using Frequency Deviations as Listed in
the P&I Specification, LM Mode 9 or 10. . .

Expected SNRqyt Versus SNRip Characteristics for CSM TeIeV|sron
Using P&I Specification Parameters, CSM Mode 4 .

CSM Television Picture Quality for SNRip = 5db, SNRgyut = 10db,
No Offset Frequency, and a 4-MHz - 11-MHz Bandwidth
Configuration . . . v & v v v 4 h e e e e e e e e

CSM TV Picture Quality for SNRin = 9. Odb; SNRoyut = 21db, No
Offset Frequency, and a 4-MHz - 11-MHz Bandwidth
Configuration . . . .+ & v v 0 v v e e e e e e e e e

CSM TV Picture Quality for SNRj, = 5. Odb; SNRgyt = 8.9db,
+500-KHz Offset Frequency, and a 4-MHz - 11-MHz
Bandwidth Configuration .

Expected SNRgut Versus SNRip Characterlstrcs for LM TeIeV|S|on

Using P&I Specification Parameters . . .
LM Television Picture Quality for SNRj, = 7. Odb, SNRout = 20 5db
Voice and TLM Subcarriers Present, No Offset Frequency,

and a 4-MHz - 11-MHz Bandwidth Configuration . . . . . .

LM TV Picture Quality for SNRip = 5. Odb; SNRoyt = 14. Odb, Voice
and TLM Subcarriers Present; No Offset Frequency, and a
4-MHz - 11-MHz Bandwidth Conflguratlon .

Predicted and Measured TLM BER Performance as a Functlon of
Total Received Power for LM Mode 4. ..

BER Versus Total Received Power for Various IPM Levels (Down—
Link Mode 1 - 51.2-Kbps Bit Rate) . .

Relative Degradation of PCM Channel Performance Versus IPM
Level for 10-3 and 10-4 BER (LM Down-Link Mode 1 -
51.2-Kbps BitRate). . . . . . + « « v« + . . .

Degradation in Received SNR Due to Finite Transmitted SNR
Ratio.. . . & v @ v i v i e e e e e e e e e e e

Page

. C-6
. C-7
. C-9

. C-10
. C-12

C-13

C-14

. C-15
. C-16

C-17

. C-18
. D-2

. E-2

. E-3

E-5



_|
®
=2
®

PRI s s e
1 1
N WNR, AN -

w
1

|
NN o, o w

(.IJOOJ

LIST OF TABLES

Title

CSM Down-Link Mode Summary .+ « « « + + & & & = = = = & =
LM Down-Link Mode Summary . « + = &« & & + & & & x5 = & &
CSM Up-Link Mode Summary . « « & & & & = « &« o = & = = & =
LM Up-Link Mode Summary . « + « & & & & = & & 5 = = & = »
Required Predetection SNR for Zero-db Circuit Margins .
Preset Range Limits for Spacecraft Antennas . . . . . . . . .
USB Ground Stations . & & & & & & & & & & & & & & & & & & &
Marginal Modes At Lunar Distance . « « « = & « &« « = & « = &
CSM PM Normal Down-Link Modes and Antenna/Power

Configurations & & v & & & & & & v www e e e e e
CSM PM Contingency Modes and Antenna/Power

Configurations . & & & & & 4 4 4 4w w w e e e e e
CSM FM Modes and Antenna/Power Configurations . . . . . . .
LM PM Normal Down-Link Modes and Antenna/Power

Configurations & v & & & & x w x s e e e e s
LM PM Contingency Modes and Antenna/Power Configurations . .
LM FM Modes and Antenna/Power Conflguratlons .......
CSM Up-Link CircuitMargins . « « & « & & + & & = & s & & »
LM Up-Link Circuit Margins .+ + = & & + & & & & = & = & = &
CSM System Parameters (Up-Link) . . . . « « & « v v« o . .
CSM System Parameters (Down-Link) . . « + &« v v « & &+ & &
LM System Parameters (Up-Link) . . « « « &« v « & & &« .
LM System Parameters (Down-Link) . . . . . « « + &« & & . .



Vi

AOS
BC
BER
BU

= CSM
db
dbw
EMU
FM
GLD
GMT
HL
Hz
IAM
IESD
IF
IPM,
ISD
Kbps

~LM
LOI
LOS
LPF
MBW
MILA
MSC
MSFN
NBW
NC
nm
P&I

PLL

= PM

~ PRN
Rad
RF
SC
SCN
SNR
SNRgct

LIST OF ABBREVIATIONS AND SYMBOLS

Acquisition of signal

Best case

Bit error rate (Ratio of total errors to total bits)
Back-up

Command and service module

Decibel

Decibel referenced to 1watt

Extravehicular mobility unit

Frequency modulation

Goldstone

Greenwich mean time

Hard line

Hertz

Incidental amplitude modulation
Instrumentation and Electronic Systems Division .
Intermediate frequency
Incidental phase modulation
Information Systems Division
Kilobits per second

Lunar module

Lunar orbit injection

Loss of signal

Low-pass filter

Medium beam width
Merritt Island Launch Area
Manned Spacecraft Center
Manned Space Flight Network
Narrow beam width
Nominal case

Nautical miles
Performance and interface
Received carrier power
Phase locked loop

Phase modulation
Pseudorandom noise
Radian

Radio frequency

Spacecraft

Specification Change Notice
Signal-to-noise ratio
Actual signal-to-noise ratio



vii/viii

LIST OF ABBREVIATIONS AND SYMBOLS (Continued)

SNR;eq Required signal-to-noise ratio
TEC Transearth coast

TEI Transearth injection
TLC Translunar coast

TLI Translunar injection
TLM Telemetry

T&D Telemetry and data

TV Television

uUSB Unified S-band

WBW Wide beam width

WC Worst case

°K Degrees Kelvin

Af Peak frequency deviation
B Modulation index

2810 Two-sided carrier loop noise bandwidth



1.0
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Summary

The purpose of this report is to define the conditions under which the Apollo
Unified S-Band System will provide adequate communications during a lunar
mission. To achieve this purpose, atime-line of expected communication
performance, based on a typical lunar mission trajectory, is calculated and
graphically presented.

The concept of communication circuit margins is used as the criteria for
predicting system performance. Specified values of system parameters are
used in all circuit margin calculations. Performance predictions for the
CSM omni modes are based on full-scale omni antenna patterns. Predictions
for LM omni modes are based on a -3 db omni antenna gain. The margins
are optimistic in that second-order effects such as incidental phase modula-
tion (IPM), finite transmitted signal-to-noise ratios, etc, are assumed to
produce no degradation. These second-order effects and their potential
degradations to the communication system are discussed in the appendices.

Results of this analysis indicate that the following modes have negative
margins at lunar distance under worst case conditions:

(1) Two PM contingency modes (CSM Mode 8 and LM Mode 4), which have
simultaneous low bit rate telemetry and back-up voice. These modes
are to be used when the high-gain antenna is not available.

2) Three FM modes (CSMModes 1and 2, which have playback voice and
telemetry, and CSM Mode 4 with television).

In addition, the CSM down-link PRN contingency modes 7 and 9 have positive
margins only if the up-link is limited to PRN ranging information. Att ottrer
FM and PM modes, when used in the normal antenna and power configuration,
have positive circuit margins throughout the mission.

CSM PM Mode 8, which provides simultaneous 1.6 Kbps telemetry and voice,
has negative margins for a large percentage of the time during lunar orbit.
These margins are based on achieving a 10~3 bit error rate in the telemetry
channel, and 70-percent word intelligibility in the voice channel. It is
possible, by constraining the spacecraft attitude to obtain sufficient omni
gain, to ensure positive margins for the total time. However, experimental
results, as given in Appendix D, indicate that telemetry performance in the
PM contingency modes may be severely degraded due to voice interference.
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LM PM Mode 4 is directly analogous to CSM Mode 8 as discussed above.
The LM margins are negative, based on calculations using a -3 db omni

antenna gain. If fuel is not available for attitude constraints to favor an

omni antenna element, it will be necessary to revert to modes with voice
or telemetry only.

CSM FM Modes 1, 2, and 4 (32:1 and 1:1 playback of CSM voice.and telem-
etry, and TV) exhibit negative mode-as-a-whole margins at lunar distance
under worst case conditions. An improvement in system performance is
necessary to make these margins positive. Two possible MSFN improve-
ments are to increase the worst case antenna gain of the 85-foot MSFN
stations to 52. 5 db, and to extend threshold of the FM demodulator in the
ground receiver as has been requested by MSC. Increasing the SC output
power and/or reducing SC circuit losses are SC improvements that have
been requested. However, slightly positive circuit margins based on an

8 db mode-as-a-whole requirement do not necessarily ensure satisfactory
,performance. A discussion of expected FM performance is given in Appendix
C.

Circuit margins for required CSM and LM up-link modes are positive &x=
cept for sim ltaneous transmission of up-data and voice to the LM at lunar
—using the amni antenna.

Tables 1-1 through 1-4 summarize the lunar distance circuit margins for all
down-link and up-link modes considered in this report. The down-link PRN
modes are calculated assuming a full up-link (PRN, voice, updata). No turn-
around modulation is present on down-link modes without PRN ranging. The
antenna transmitting power configurations were chosen to provide the mini-
mum positive circuit margins. That is, if a mode has positive margins using
the spacecraft low power output and high-gain antenna, similar data is not
presented for the high power output and for high-gain antenna.



TABLE 1-1

CSM DOWN-LINK MODE SUMMARY***

1-3

Circuit Margin (db)

215,000 nm Antenna Transmit Power
Mode Service(s) Nominal | Worst + 8C MSFN SC MSFN Criteria
CSM PM |(1) Voice/ (1) 5.0 (1) 3.0 High-gain | 30-foot High N/A 90%word intelligi-
Mode 1 Biomed (2 4.2 2 2.3 NBW bil_iiéy
(2) 51. 2Kbps i4=6 BERTLM
TLM
CsSM PM PRN Rang- | (1) 4.3 (1) 1.3 High-gain | 85-foot Low High 60-sec PRN Code
IMode 2 ing* (2) 3.5 (2) 0.4 NBW Acquisition
(1) Voice/
Biomed (1) 4.4 1) 2.5 High-gain | 30-foot High High 90% word intelligi-
(2) 51. 2Kbps (2) 3.5 2 1.7 NBW bility
TLM 10-6 BER TLM
CSM PM PRN Rang- | (1) 4.4 (1) 3.4 High-gain { 30-foot Low High Same as Mode 2
IMode 3 ing (2) 6.6 (2) 5.8 NBW
(1) Voice/
Biomed
(2) 1. 6Kbps
TLM
iICSM PM 1. 6Kbps 5. g*x 2.9%* | Zero-db 85-foot High N/A 10~3 BER
Mode 5 TLM Omni '
‘CSM PM Emergency 5. px* 2.8%% | Zero-db } 85-foot Bypasq N/A 20 characters per
‘Mode 6 Key Omni minute
60% copying accu-
racy
CSM PM PRN Rang- 10. 6 8.1 Zero-db | 85-foot High High 60-sec PRN Code
Mode 7 ing Oomni Acquisition
CSM PM | (1) Voice (1) 2 1**| (1)-0.8** | Zero-db | 85-foot High N/A 70% word intelligi-
Mode 8 |(2) 1. 6Kbps (2)+3. 6 @2+ .7 Omni bili:tiy
TLM Zero-db 10-9 BER TLM
Oomni
CSM PM PRN Rang- 3.8 1.3 Zero-db | 85-foot High High | 60-sec PRN Code
Mode 9 ing 4.6 1.7 Omni Acquisition
1. 6Kbps 10-3BER TLM
TLM
CSM PM Voice 9.6 6.7 Zero-db | 85-foot High N/A 70% word intelligi-
Mode 10 Omni bility
CSM FM 1:1 Play-
Mode 1 back of:
Voice 2.6 -1.4 High-gain| 85-foot High N/A Mode-as-a-whole
CSM 51.2 NBW requirement
Kbps TLM 8. Odb 4-MHz IF
bandwidth

+Worst case modulation index tolerances not included in calculations for modes with multiple information
channels.
*All margins for PRN modes in this table are positive.
**See margin plots in section 3.0 for actual range of values.
***Predicted using theoretical mathematical model and Performance and Interface Specification Parameters.
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TABLE 1-1 (Continued)***

Circuit Margin (db)

215,000 nm Antenna Transmit Power
Mode Service(s) Nominal | Worst t SC MSFN SC MSFN Criteria
CSM FM 32:1 Play-
Mode 2 back of:
Voice 2.6 -1.4 High-gain | 85~foot High N/A Same as FM Mode
1.6Kbps 1
TLM
CSM FM 32:1 Play-
Mode 3 back of:
LM Split- 8.6 4.6 High-gain | 85~foot High N/A Mode-as-a-whole
Phase TLM NBW requirement
8. 0db 1-MHz IF
bandwidth
CSMFEM TV 2.6 -1.4 High-gain | 85-foot High N/A Same as FM Mode
Mode 4 NBW 1

+Worst case modulation index tolerances not included in calculations for modes with multiple information

channels.

*All margins for PRN modes in this table are positive.
**See margin plots in section 3. 0 for actual range of values.
***Predicted using theoretical mathematical model and Performance and Interface Specification Parameters.
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TABLE 1-2
LM DOWN-LINK MODE SUMMARY ***
Circuit Margin (db)
215,000 tenna Transmit Power
Worst + SC
Mode Service(s) Nominal Worstt -MSFN sC MSFN Criteria
LM PM | 1) Voice/HL (1) 4.0 @18 Steerable |30-foot | High N/A | 90%word intelligi-
Mode 1 Biomed @ 1.7 (2)-0.4 bilit
'2) 51. 2Kbps 10-% BER TLM
TLM
(1) 11.1 | (x) 9.3 Erectable |30-foot | High N/A
(2 8.7 | (26.2
(1) 9.6 (1) 6.5 Steerable |85-foot | High N/A
) 7.3 (2) 4.2
LM PM PRN Rang- | (1) 3.4 (1) 1.3 Steerable {30-foot | High High | 60-sec. PRN code
Mode 2 ing* @ 1.1 (2)-1.2 acquisition time
(1) Voice/HL 90% word intelligi-
Biomed (1) 10.6 [ (@) 7.0 Erectable {30-foot | High High | bilit
(2) 51. 2Kbps (2 8.2 | (2) 4.2 10-6 BER TLM
TLM
(1) 9.8 (1) 5.8 Steerable |85-foot | High High
2 7.3 | (@ 3.5
LM PM 1. 6Kbps 5.7 0.7 -3db Omni | 85-foot | High N/A | 1073 BER TLM
Mode 3 TLM
LM PM |(1) Voice (1) 3.8 (1)-0.3 -3db Omni | 85-foot | High N/A | 1073 BER TLM
Mode 4 | (2) 1. 6Kbps (2 4.4 (2) 0.3 70% word intelligi-
TLM _ bility
LM PM Voice 7.8 1.5 -3db Omni | 85-foot | High N/A | 70% word intelligi-
Mode 5 bility
LM PM Emergency 10.5 6.3 -3db Onini |85-foot | Low N/A | 20 characters per
Mode 6 Key niin.
60% copying accuracy
LM PM | (1)Voice/HL 1 7.5 (1) 3.8 Erectable |85-foot | Low N/A | 90% word intelligi-
Mode 7 Biomed/ () 8.6 (2) 5.3 bilit
EMU 10~ BER TLM
(2) 1. 6Kbps
TLM
LM PM |(1) Voice (1) 6.4 (1) 2.8 Erectable |85-foot | LOW N/A | 70%word intelligi-
Mode 8 |(2) 1.6Kbps (2)12.0 (2) 7.5 bility
TLM (3) 8.6 3) 4.5 10-6 BER TLM
(3) HL Biomed |(4)>12.5 | (4)>9.0
(4) EMU #1 ~#7
(1) 13.1 | (1) 9.8 Steerable [85-foot | High N/A
(2 18.7 | (2)15.2
(3) 14.9 | ()11,
4)>19. 2 (4)>16.0
LM FM |Voice/EMU/HL 0.3 -4.2 Steerable |85-foot | High N/A | Mode-as-a-whole
Mode 9A | Biomed requirement
1. 6Kbps TLM 8.0Odb in 4-MHz IF
bandwidth

tWorst case modulation index tolerances not included in calculations for modes with multiple information channels.
* All margins for PRN modes shown here are positive.
***Predicted using theoretical mathematical model and Performance and Interface Specification Parameters.
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TABLE 1-2 (Continued)***

Circuit Margin (db)
215,000 nm Antenna Transmit Power
Mode Service(s) Nominal Worst t SC MSFN SC MSEN Criteria

LM FM | Voice/EMU/HL
Mode 9E | Biomed

51. 2Kbps TLM
LM FM | Voice/EMU/HL
Mode Biomed 0.3 -4.2 Steerable | 85-foot | High N/A | Mode-as-a-whole
10A 1. 6Kbps TLM requirement

TV 8. Odb in 4-MHz IF

bandwidth

LM FM | Voice/EMU/HL
Mode Bioined
10B 51. 2Kbps TLM

vV
LM FM | Voice/EMU/HL
Mode 92 | Biomed

1. 6Kbps TLM
LM FM | Voice/EMU/HL
Mode 9E | Biomed

51. 2Kbps TLM 8.8 4.4 Erectable [ 85-foot | High N/A | Mode-as-a-whole

requirement

LM FM | Voice/EMU/HL 8.0db in 4-MHz IF
Mode Biomed bandwidth
10A 1. 6Kbps TLM

TV
LM FM | Voice/EMU/HL
Mode Biomed
10B 51. 2Kbps TLM

TV

tWorst case modulation index tolerances not included in calculations for modes with multiple information channels.
*All margins for PRN modes shown here are positive.

***Predicted using theoretical mathematical model and Performance and Interface Specification Parameters.

TABLE 1-3
CSM UP-LINK MODE SUMMARY ***
Circuit Margin (db) Transmit
215,000 nm Antenna Power
Mode Service(s) l Nominal | Worst * | sC MSFEFN MSFN Criteria
CSM PRN Ranging** -
Mode 1
CsSM Voice 11 8 Zero-db | 85-foot | High 90% word intelligibility
Mode 2 8 Omni
CSM Up-Data 11 8 Zero-db | 85-foot | High Maximum message rejec-
Mode 3 Omni tion rate of 1 per 1000

*Values shown are to the nearest db.
**Up-Link Ranging margins are not defined since the channel performance is based on a two-way link.
***Predicted using theoretical mathematical model and Performance and Interface Specification Parameters.
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TABLE 1-3 (Continued)***

Circuit Margin {(db) Transmit
215,000 nm Ar :nna Power
Mode Service(s) Nominal Worst* SC MSFEN MSFN Criteria
CSM PRN Ranging** - - Zero-db |85-foot | High 190% word intelligibility
Mode 4 Voice 6 4 Omni
]
CsSM PRN Ranging** -~ Zero-db [85-foot | High Maximum message rejec-
Mode 5 |Up-Data 6 4 omni tion rate of 1per 1000
CSM
Mode 6 PRN Rang- - - Zero-db |85-foot | High 90% word intelligibility
ing** Oomni Maximum message rejec-
(1) Voice 1) 3 (1) 2 tion rate of 1per 1000
(2) Up-Data (2) 0 (2)-1
CSM
Mode 7 | (1) Voice (1) 6 14 Zero-db |85-foot | High 90% word intelligibility
(2) Up-Data (2) 6 (2) 4 Oomni |Maximum message rejec-
tion rate of 1 per 1000
CsM Back-Up Voice 11 8 Zero-db  85-foot | High 90% word intelligibility
Mode 8 Omni |

*Values shown are to the nearest db.

**Up-Link Ranging margins are not defined since the channel performance is hased on a two-way link.
#+*Predicted using theoretical mathematical model and Performance and Interface Specification Parameters.

TABLE 14
*k*%
R - ) T T I
Circuit Margin (db) Transmit
215,000 nm Antenna 1 Power
Mode Service(s) Nominal Worst* SC MSFN MSFN Criteria
LM PRN Ranging** --- - ~-3db Omni| 85-foot | High
Mode 1
LM Voice 11 L -3db Omni 85-foot | High 90% word intelligibility
Mode 2 |
T—
LM PRN Ranging** --- - .
Mode 3 | Voice 6 4 | -3dh Omnij 85-foot , High L90% word intelligibility

*Values shown are to the nearest db.

**Up-Link ranging margins are not defined since the channel performance is based on a two-way link.
***Predicted using theoretical mathematical model and Performance and Interface Specification Parameters.
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Introduction

The Block 11 Apollo Unified S-Band Communication System is designed to
provide a variety of communication and ranging functions at slant ranges

up to and including lunar distances. It is the purpose of this report to de-
fine the conditions under which this system will provide adequate communi-
cations, and to point out possible communication problem areas during a
lunar mission. To this end, atimeline of expected communication perform-
ance is calculated and graphically presented for a typical lunar mission.

Circuit Margin Definition

The concept of communication circuit margins is used throughout this re-
port as the criteria for predicting system performance. A circuit margin
is defined as the difference in decibels between the required signal-to-noise
ratio (SNRyeq) and the actual signal-to-noise ratio (SNRy.), calculated in
the predetection* bandwidth of the channel concerned. For example, in the
telemetry (TLM) data channel the circuit margin is defined by

Circuit Margin (TLM) = SNR4¢ (TLM) - SNRpeq (TLM)

Figures 2-1 and 2-2 are simplified block diagrams of the USB MSFN and
spacecraft (SC) receivers showing the points at which the circuit margins
presented in this report are calculated. The criteria used to specify the
required SNR in each information channel are taken from the applicable
CSM or LM performance and interface specification (changes are included
through SCN #19 for the CSM and SCN #10 for the LM). These values are
listed in Table 2-1.

SNR calculations used in this analysis are based on specified values of sys-
tem parameters. Many of these parameters have estimated **worst™ and
""best" case tolerancesonthe specified normal value. All circuit margin
calculations used inthis report include the "worst" case parameter toler-
ances; however, incases where the worst case results are marginal, nominal
case margins are calculated to indicate any possible improvement. Appendix
A gives a comprehensive listing of the parameter values used for these calcu-
lations. Appendix B contains a sample circuit margin calculation for an up-
link and down-link channel.

Circuit Margin Computer Program

The data used to plot circuit margin time histories were generated using the
"Apollo Unified S-Band Circuit Margin Program. " Tnis program is a com-
puter mechanization of the unified S-band (USB) math model described in
reference 1. (Based on work by Bellcomm, JPL, and TRW.)

Figure 2-3 depicts the data flow and sequence of calculations performed
when a circuit margin time history is generated. Spacecraft trajectory
parameters (SC to MSFN look-angles, slant ranges, etc.) as a function of

*Baseband voice margins are calculated in the postdetection bandwidth.
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mission elapsed time, and omni antenna gains as a function of SC to MSFN

look-angles, are read into the program from magnetic tape.
parameter values are read in from punched cards.

System

The program utilizes

slant range information to determine which antenna to use, based on the

criteriain table 2-2.

This criteria Is based on data taken from the Dalmo

Victor Report, "*Apollo CSM High Gain Antenna’* October 14, 1965, and
does not reflect the optimum switching ranges.
succeeding data, ISD will define the optimum switching ranges.

TABLE 2-1

Based on this report and

REQUIRED PREDETECTION SNR FOR ZERO-DB CIRCUIT MARGINS

Predetection Predetection
Channel SNRreq (db) | Noise Bandwidth Criteria
Normal 51.2Kbps TLM 8.5 180.00 KHz 10-6 BER
Normal 1. 6Kbps TLM 7.4 7.25 KHz 10-6 BER
Back-up 1. 6Kbps TLM 3.9 7.25 KHz 10-3 BER
Normal Voice/Biomed 8.0 42.00 KHz 90%word intelli-
gibility
*Backup Voice 4.0 2.84 KHz 70%word intelli-
gibility
Baseband Voice 4.0 4,00 KHz 70%word intelli-
gibility
PRN Ranging Code 32.0 1.00 Hz 60 second acquisi-
tion
Emergency Key -10.5 1.35 KHz 20 characters per
minute with 60%
copying accuracy
FM 8.0 4.00 MHz Carrier frequency
Playback Voice demodulator thresh-
Playback CSM TLM old
TV
FM 8.0 1.00 MHz Carrier frequency
Playback LM Split- demodulator thresh-
Phase TLM old
Up-Voice 10.0 22.00 KHz 90%word intelli-
gibility
Up-Data 10.0 22.00 KHz Maximum message

rejection rate of
1ver 1000

*Postdetection Values.
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If the omni antenna is selected, SC look-angles determine the antenna gain:
If the high-gain antenna is selected, the gain value is obtained from param-
eter cards. After selecting the slant range and antenna gain, the program

calculates a circuit margin for the mode under analysis. The margins are
then plotted as a function of mission elapsed time for each station.

TABLE 2-2
PRESET RANGE LIMITS FOR SPACECRAFT ANTENNAS
Antenna Range
Oomni 0 - 2,500 nm
High-Gain WBW 2,500 - 30,000 nm
High-Gain MBW 30,000 - 115,000 nm
High-Gain NBW 115,000 - lunar distance

Traiectorv Data

The trajectory parameters used in this analysis were taken from a special
lunar mission trajectory generated by the Mission Analysis Branch of the
Mission Planning and Analysis Division, Manned Spacecraft Center. This
trajectory iIs based primarily on the AS-504 preliminary reference trajectory
and is intended only to provide reference data that will be representative of
an actual mission. Gimbaling limitations on the high-gain antenna during
TLC solar soak maneuvers are not included; thus, use of the high-gain
antenna will not be possible for all periods shown in the coverage chart.
The launch date selected is February 1, 1968, at 15:35:21 GMT. The lunar
landing site is located at latitude 0° 19" 59.8"" longitude 24" 49" 59.8'"". The
selected launch azimuth is 72 degrees.

Translunar injection occurs over the Pacific Ocean approximately 3 hours
into the mission. The pitch down 41° and attitude hold maneuver begins
approximately 3 hr 2 min into the mission, at an altitude of 2400 nautical
miles (nm). The maneuver terminates approximately 1 hr 45 min later at
an altitude of 18,000 nm. Transposition and docking can occur at any time
during this period. Station coverage in this analysis is based on completing
the transposition and docking maneuver at an altitude of slightly more than
10,000 nm. The USB stations included are listed in table 2-3, along with
the anticipated station capability.

Omni Antennas

Gain pattern data for the four Block II omni antennas were obtained from full-
scale measurements made on the MSC antenna test range by Instrumentation

and Electronic Systems Division (IESD). These data will be published by
IESD in report form at a future date. The input datato the computer program
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IS a composite of the four antennas, formed by choosing the gain value of
the antenna having the highest gain for each set of look-angles. Thus, all
predictions using omni antenna gains indicate performance based on
optimum switching of the SC antennas. In this respect the omni antenna
margins are somewhat optimistic.

TABLE 2-3
MSFN USB GROUND STATIONS

Tracking Up- 30-Ft. 85-Ft.
Station Voice |TLM| & Ranging |Data| TV |Key| Antenna |Antenna
MILA X X X X X X
Bermuda X X X X X
Grand X X X X X
Bahama
Antigua
Ascension
Canary X
Island
Madrid X X X X X X
Earnarven X X X X
Canberra X X X X. X X X
Guam X X X
Fawaii X X X
Goldstone X X X X X X
Guaymas X X X | |
Texas X | X X
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3.0 Down-LinkModes Circuit Margin Analysis

3.1

The analysis in this section is divided into two categories: (1)down-link
modes required during a particular mission phase, but which have negative
margins during that phase, and (2) specific modes, considered independent
of mission requirements, to illustrate the system capability throughout the
mission.

Marginal Modes Performance

Results of this analysis indicate marginal performance at lunar distance
for the following down-link modes:

1. CSM PM Mode 8.
2 CSM FM Modes 1, 2, and 4.
3. LM PM Mode 4.

Table 3-1 summarizes the configurations used in circuit margin calcula-
tions for these modes.

3.1.1 CSM PM Mode 8 (BU Voice and 1. 6Kbps TLM)

CSM PM Mode 8 is a contingency mode designed to provide a voice and TLM
link at lunar distance using the SC omni antennas. Figures 3-1 and 3-2 show
worst case and nominal case circuit margins at Goldstone during two time
segments of the CSM lunar orbit. The periodic loss of signal (LOS)and
acquisition of signal (AOS), noted on the plots by XXX, is due to occulta-
tion of the spacecraft by the moon. Abrupt changesintheplots are due

to variations in received RF power caused by differences in SC omni

antenna gain as the SC look-angles change.

For the SC attitude profile used here, the margins are negative for a large
percentage of the total time in the worst case configuration. Substantial
improvement is seen for the nominal case. However, experimental results
indicate that TLM channel BER performance may be severely degraded by
BU voice interference. A discussion o this degraded TLM performance is
given in Appendix D.

3.1.2 CSM FM Modes 1, 2, and 4

FM Modes 1, 2, and 4 provide 1:1 playback of CSM voice and 51. 2Kbps TLM,
32:1 playback of CSM voice and 1. 6Kbps TLM, and real-time TV, respec-
tively. The circuit margins presented here are mode-as-a-whole margins
rather than margins for the individual channels, i.e., the zero-db circuit
margin SNR requirement is based on meeting FM threshold in the carrier
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frequency demodulator, rather than on meeting a specified output TLM,
voice, or TV requirement. Threshold is specified as 8. Odb in the FM
predetection bandwidth, which is 4 MHz for Modes 1, 2, and 4, and 1MHz
for Mode 3. The smaller bandwidth results in a positive mode-as-a-whole
margin at lunar distance for FM Mode, 3.

TABLE 3-1
MARGINAL MODES AT LUNAR DISTANCE
SC
Antenna Transmit
Mode Service(s) SC MSFN Power Criteria
CSM PM | 1. 6Kbps TLM | Omni 85-foot High 1073 BER TLM
Mode 8 | BU Voice 70%word intelligi-
bility
CSM FM | 1:1 Playback High-gain | 85-foot High 1076 BER TLM
Mode 1 of: NBW 90%word intelligi-
51. 2Kbps TLM bility
Voice . , o
CSM FM | 32:1 Playback  High-gain |85-foot High |1¢"¢ BER TLM
Mode 2 of: NBW 90%word intelligi-
1. 6Kbps TLM bility
Vaice | .
CSM FM| TV High-gain | 85-foot High 19db output SNR, RMS
Mode 4  NBW ) |
LM PM | BU Voice Omni 85-foot High 70%word_intelligi-
Mode 4 | 1.6Kbps TLM | Ib|||>ty 10-3 BER TLM
1 1 ]

Figures 3-3 and 3-4 indicate the nominal and worst case mode-as-a-

whole margins for FM Modes 1, 2, and 4 during the translunar coast (TLC)
and lunar orbit phases of the mission. The dashed vertical lines, marking
abrupt changes in the margin plots, indicate the times at which the SC high-
gain antenna beamwidth is switched. The times shown here correspond to
preset ranges of 30,000 nm for the wide beamwidth (WBW) to medium beam-
width (MBW) switch, and 115,000 nm for the MBW to narrow beamwidth
(NBW) switch. As previously stated in Section 2.2, these are not

the optimum switching ranges.




3-3

(£e@ paryl) NqIO JEUNT ‘sose)) 1SJI0M pue
[euTWON $01d UIBIBIN JMOII) § OPOIN NSO “T-¢ dIn3Ld

RERLER £) 8 Ll
22104 NF 01 onp oueuIzofIad [AUUEYD WLL 3y} JO UOTIBPBISIP 212438 §3TEITPUT BIED
POINSESN ‘[9POW YIew €SN Y} U0 PISEY PUE [BITIDI09Y) 1€ sutfartu 9s9y], (910N

HHAVA “IWLL JISAVTIT NOISSIN

) §5 yIig sI:g AR 14 4 or:¢ 6:¢ 8:g L8 9:g [ ¥ g:¢
T T T T T T T T T T T T 8-
\1 -
\
t 9-
\ N
\
t h -
\
\Y /— —_
N\ \ \ 7]
\ 1 4- 4 \ 1 z-
XXX - /, XXX —/ XXX ) XXX ___ XXX
{ .
-\ W\ \ /
// /-— —. \ =~ 7 —- ——. ———I/., = 0
~ / NS
/ / /</< // r..\ / \ L 1S9OM Y 1
\ \ \ \\ | / /// : Z
\ \ ~ \ \ -
~ / \ 3 —
\ I~ Ly N IR /e I
\ Vv //\ \_.\/ Mo TYNINON z/ e ¥ m
\ a
\ - =
o \ 3
i v 9 va
g \ )
\ 7 2
b4
w -
o
- e}
o1
Al
: NOOW A€ ddLTAD00 08 XXX
, NTL e i
HOIOA — — aNgDHT .
ININO VNNALNV 2S N
HOIH :¥EMOd LINSNVYL OS 91
(93d ¢-0T) WL Sd€¥-9 ‘T ‘EJIOA Nd :8 JAOW WSD i
i (VNNALINY LI-68) ANOLSATOD. :NOLLVLS -
W LIGU0 HVNAT o

HE

114



3-4

(feq |manog) NAIQ JeUN ‘sase) ISI0p pue
TEUTWON -30Td UISIBIN JINOJILD § OPOIN NSO °g-¢ oanstg

HH:AVA ‘TNLL QISIVTE NOISSIN

(384 (184 [ 8 2 484 1% oL:p 6 8% Ly 9% Gy 372 i 2
T T T T T T T T T T T T 01~
A 8-
/
i \ 1
[}
Xxx | XXX XXX XXX XXX 8-
! A A -
- ey [ 7 \\\ 4~
'll.m / \ LSHOM
| | B
z-01 - i 1 Jrad'| z-
R—— 1 i P 1
M A A ! r Sy TYAINON \ /-
g O1 \ i A -~ _. Y yA A ~\. /// 4 1 0
I AVAYAYL ,/....H\ A N <\ .
] 8~ | v/r ===, / 5
v - v 7 J. X + (=
¢ ¥ s Ty f. .\ A / \ /.\ / m
d L {317y = I \ n
e 9 .._H / \ /»4-‘ \ v Lo
u ( U7 v\ v g
1 8
9 2
g
-1 o
8
NOOW X€ dALTNIIO0 IS XXX o
WIL e |
ADIOA — — (ANIADAT
21
INIWO :VNNALNV 08 ~
HOIH ¥AMOd LINSNVHIL OS .
(439 ¢-01) WL Sdg3~9 T ‘“EDIOA N ‘8 FAOW WSD
(VNNZLNY LJ-98) ANOLSIIOD :NOILVLS .
LIGYO ¥VNA'T
91
-
' 81




3-5

JTL ‘sose) )SI0M pue TeUTWON
(p pue ‘g ‘I SOPOI) STOYM-V-SV-9POIN NI NSO ‘g~ 9In3Lg

(*0 x1puaddy 9ag) 'sapow NI e I0] ajenbape jou ST
UOTIDIIO S[OUYM-B-SB-3POWE qPQ '8 oY) 1By} S91edTpUl BIEp TEjUawiLadx :9J0N

YH:AVA ‘@WLL qISAVTH NOISSIN

¥y CTE BI:f  CLE 8€ &€  gez  Lig  gme LT @e 1@l 9uT  IBT 91 BT 0%0 S0 oL S0 00
T T ﬁ T T T T T T T T T T T ¥ f T T T T T L
LSHOM O— 4= = o4 — —f7 | i
i -
/ — " . o
: o o N l 7
TVNINON Uy =Ty IV .
\ T ! _ i
NOOW FHL Ad 1 : o
AL TINOI0 TTDIHIA m / [
g 0/ | .
/ | / 1
¢ N I : L
i
6
| T
I \__1 "
wu 000 ‘ST {
MEN - MEN | i
HOLIMS |
X €1
_ / |
| st
1RS
" b
wu 000°0€ | -
v-SOV 0-8071 MW - mam —] 6T
(QFHOLIMS VNNIINV) NIVO HOIH VNNILNV 0§ HOLIMS
HOIH HIMOd LINSNVYL OS : -
7 pue ‘¢ ‘T SEAOW WA
ITOHM-V~-SV-FAOW WA WED 12
(VNNZINV 1I-¢8) ANOISATOD :NOLLVIS j
LSVOD MVNATSNVYL
£2
58

a ‘NIDHVW 1INJWD



3-6

g:L

1239

449

L 1IQIQO JeUNT ‘sase)) }SIOM pue TBUTWON
[y pue ‘g ‘1 SOPOIN) SIOYM-V-SV-OPOIN INd WSO ‘§-¢ 9In3iy

CIATNA VU SIS UGDUWU VY A3 INUVADOAFY
0 (443 4 0g:¥ 1S3 1 & 4 253 N4 1 S ) & 4 8-¥ 9y 144 (414 0% 2%€

l I _ I _ | [ 1 1 1 T ' ! ' .
FGVD LEHOM ™= XXX mmmcnnd XXX e 300X smmmtet 5/ XX ] X XK ] XXX, st

ASYD TYNINON e XXX e XXX st} X3 s XX, e} XXX ] Y XX el

NOONW A9 JALTINDJ0 ATOIHAA XXX
(MAN) NIVD HOIH ‘VYNNILNV 08
HOIH ‘¥IMOd LINSNVHL OS

p pue ‘7 ‘T SHAOW WA
FTOHM-V-SV-FAOW W WSO

(VNNIINV LI-¢8) ANOLSATOD :NOLLVLS
LIGHO YVYNN'T

ot

11

(41

€d ‘NIDYVI LINOHID



3.1.3

3.2

3-7

The FM margins represent performance predictions based solely on being
able to meet threshold requirements of the carrier frequency demodulator.
This method of predicting mode performance, although it is specified for
the Apollo USB system, is not definitive of the individual channel capability.
A discussion of mode-as-a-whole margins as applied to the individual
channel performance is given in Appendix C.

LM PM Mode 4 (BU Voice, 1. 6Kbps TLM)

LM PM Mode 4 provides voice and 1.6 Kbps TLM at lunar distance using
the LM omni antennas. Pattern data for the LM omni antennas were not
available when circuit margin timelines were generated for this mission.
Therefore, all margins for this mode are based on a nominal -3 db antenna
gain.

Figure 3-5 shows the Mode 4 circuit margins for the 85-foot station at
Goldstone. It is noted that the margins approach an acceptable level,
however, the criteriafor calculating these margins are based on achieving
minimum usable channel quality (10-3 BER and 70-percent word intel-
ligibility).

Accentable Modes Performance.

The analysis of this section defines the capability of the USB system to
provide satisfactory communication coverage. Circuit margin plots are
provided for a 30-foot station and for an 85-foot station for representa-
tive modes. In addition, bar graphs define coverage for all stations con-
sidered.

The MSFN stations considered are those specified in the typical lunar
mission trajectory and listed in table 2-3. Ship and aircraft locations are
not specified in the trajectory and are therefore not included in the analysis.

The bar graphs depicting station coverage are pattern coded to indicate the
spacecraft antenna that must be used to provide positive margins during
the time indicated. A mean value of slant range, corresponding to mission
time, iIs indicated at the top of each chart. These ranges can be used to
approximate the maximum slant range to which a particular SC antenna can
be used with a given operational mode.

The periods when a vehicle is occulted by the moon are bounded by the
times when simultaneous loss and simultaneous acquisition of coverage
are indicated for all stations with line-of-sight to the spacecraft.

The circuit margin plots provided are for the MSFN stations at Goldstone
and MILA. These plots are representative of the margins observed at
other 85-foot stations and at 30-foot stations with uncooled paramps.
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Thirty foot stations with cooled paramps have approximately an additional

2 db margin.

On these plots, as on those in Section 3.1, the dashed vertical

lines indicate the times at which the SC high-gain antenna is switched from
WBW to MBW or from MBW to NBW. Here again, switching occurs at

30,000 and 115,000 nm, and does not indicate the maximum usable range of
the antenna.

3.2.1 CSM PM Normal Modes (Modes 1, 2, 3, and 4)
CSM PM modes 1, 2, 3, and 4 are referred to as the normal CSM modes.
These modes provide the maximum number of information channels, and
are designed to operate at lunar distance only when the SC high-gain antenna
and high-power transmitting configuration is operable. Table 3-2 lists the
services provided by each of these modes and summarizes the equipment
configurations used to calculate the circuit margins presented in this section.
Only CSM PM Modes 1, 2, and 3 are considered. Since the margins for
Mode 3 (Mode 4 plus PRN ranging) are positive for all mission phases,
plotting of Mode 4 would be redundant. Based on the trajectory for this
mission, communications in Modes 3 or 4 are both satisfactory.
TABLE 3-2
CSM PM NORMAL DOWN-LINK MODES AND
ANT INNA/POWER CONFIGURATIONS
Antenna | Transmit Power
Mode Service(s) sC MSFN SC MSFN Criteria
CSM PM | 51.2Kbps TLM|Omni 30-foot | High | N/A |10-6 BER,
Mode 1 | Voice High-gain | 85-foot 90% word
/ intelligibility
CSMPM | PRN Omni 30-foot High High | 60-sec. acqui-
Mode 2 51.2Kbps TLM | High-gain | 85-foot Low sition time,
Voice 90% word
intelligibility
10-6 BER TLM
CSMPM | PRN Omni 30-foot High High | 60-sec. acqui-
Mode 3 1. 6Kbps TLM |High-gain | 85-foot Low sition time,
Voice 90% word
intelligibility
10-6 BER TLM
CSM PM | 1, 6Kbps TLM
Mode 4 Voice NOT PLOTTED
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Circuit margins for the CSM PM Mode 1 information channels are plotted
in Figures 3-6 and 3-7. Since the margins are good at lunar distance with
a 30-foot station, only the plots for MILA are included. Figures 3-8 and
3-9 show the station coverage for Mode 1from TLI through transearth
injection (TEI).

Two SC power configurations are included for CSM PM Mode 2. Figures
3-10 and 3-11 are plots of the Mode 2 margins at Goldstone using the SC
low-power (2.8 watts) mode. Figures 3-12 and 3-13 are the station cover-
age charts for Mode 2 using low power. Note that at lunar distance, only
the 85-foot stations provide communication.

Lunar distance circuit margins for Mode 2 using the SC high-power mode
and the 30-foot station at MILA are shown in figure 3-14. Station cover-
age charts for Mode 2, high power, are figures 3-15 and 3-16. Note that
coverage is the same as for Mode 1.

CSM PM Mode 3 circuit margins are plotted for the 30-foot station at MILA
in figures 3-17 and 3-18. These margins are for the SC low-power mode.
The coverage charts for Mode 3, in figures 3-19 and 3-20 are based on the
SC high-power output. The point to note in Figure 3-20 is if the NBW
antenna is inoperable, the SC high power mode must be used. However,
since the margins shown in Figure 3-18 are positive, use of the NBW antenna
eliminates the need to operate in the high power mode.

3.2.2 CSM PM Contingency Modes (Modes 5, 6, 7, 9, and 10)

The CSM PM contingency modes provide communications when the omni
antenna and/or the SC by-pass power output are used. These modes, the
services provided, and the equipment configurations used in the circuit
margin calculations are listed in table 3-3. Only modes 5, 6, and 10 are
considered here. Mode 8 is marginal and is discussed in section 3.1.1.
Modes 7 and 9 are backup PRN modes and have positive margins only if
the up-link is limited to PRN ranging information.

Figures 3-21 through 3-26 are based on omni antenna gains, which vary
with SC look-angles. The abrupt changes noted in the margin plots are
caused by this variation in antenna gain. Time periods when the vehicle
Is occulted by the moon are noted on the plots.

Figure 3-21 shows Mode 5 TLM circuit margins for both the nominal

and worst cases. For the worst case, the margins are negative for only

a small percentage of time. Thus, the probability of achieving adequate
performance in this channel is good. Figure 3-22 shows the station cover-
age for Mode 5 based on nominal tolerance calculations.



TABLE 3-3

CSM PM CONTINGENCY MODES AND
ANTENNA/POWER CONFIGURATIONS

3-11

Antenna Transmitter Power

Mode Service(s) SC MSFN SC MSFN Criteria
CSM PM | 1. 6Kbps TLM |Omni | 85-foot |High High 10-3 BER
Mode 5
CSM PM | Emergency |Omni |85-foot |By-Pass |High 20 characters/
Mode 6 |Key min. at 60%

copying accuracy

CSM PM | PRN Not Plotted
Mode 7
CSMPM | 1. 6Kbps _
Mode 8 [ BU Voice See Section 3.1.1
CSMPM| PRN
Mode 9 | 1.6Kbps TLM Not Plotted
CSM PM | BU Voice Omni | 85-foot | High High 70%word intelligi-
Mode 10 30-foot bility
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The circuit margins for Mode 6, emergency key, are plotted in Figure
3-23 for the Goldstone 85-foot station. These margins are calculated

using the by-pass power SC transmitting mode. Negative margins appear
for only a small portion of the station coverage time; thus, the 85-foot
stations should have acceptable margins when the SC by-pass power mode
Isused. Figure 3-24 indicates solid coverage for all 85-foot stations using
the omni antennas and the 125-milliwatt power output for Mode 6.

The BU voice channel performance is depicted in figures 3-25 and 3-26.
As is noted, performance of this mode is satisfactory at lunar distance
when using the SC high-output power with an omni antenna and 85-foot
MSFN station.

3.2.3 CSM FM Mode 3

As was noted in 3.1.2, FM performance is based on mode-as-a-whole
circuit margins (see Appendix C for detailed FM analysis). The per-
formance for FM Modes 1, 2, and 4 is marginal and is discussed in
Section 3.1.2 FM Mode 3 has a smaller bandwidth requirement and,

as a result, exhibits positive margins at lunar distance. Table 3-4
lists the FM modes and equipment configurations for which circuit mar-
gins are calculated in this section.

TABLE 3-4

CSM FM MODES AND
ANTENNA/POWER CONFIGURATIONS

Antenna Transmit PowerJ
Mode Service(s) SC MSFN ] SC ] MSFN | Criteria
FM 1:1 Playback Mode- As-A-whole
Mode 1 of: . requirement of
51.2Kbps TLM | S¢€ Section 3.1.2 8.0 db in band-
Voice width predetection.
FM 32: 1 Playback
Mode 2 of: .
1. 6Kbps TLM See Section 3.1.2
Voice
FM Playback of: High-gain|85-foot | High | High
Mode 3 | LM Split-Phase | NBW
TLM
FM TV

See Section 3.1.2

Mode 4
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The lunar distance mode-as-a-whole circuit margin for FM Mode 3
is plotted in figure 3-27. Station coverage is indicated in figure 3-28.

3.2.4 LM PM Normal Modes (Modes 1, 2, and 7)
LM PM Modes 1, 2, and 7 are considered the normal LM modes. Modes
land 2 are designed to operate with the LM steerable and/or erectable
antenna and the SC high-power output. Mode 7 is designed primarily for
use during lunar stay. Due to the SC wiring configuration, this mode can
be used only with the lower power (-72 watt) output, thus necessitating
use of the erectable antenna.
Table 3-5 lists the LM PM normal down-link modes and the equipment
configurations for which circuit margins are calculated in this section.
TABLE 3-5
LM PM NORMAL DOWN-LINK MODES AND
ANTENNA/POWER CONFIGURATION
Antenna Transmit Power
Mode Service(s) SC MSFN SC MSFN Criteria
LM PM |51.2Kbps TLM |Steerable {85-foot | High | High |10-6 BER
Mode 1 |Voice/HL Erectable|30-foot 90% word intelligi-
Biomed bility '
LM PM |PRN Steerable |85-foot High High 60 second acquisi-
Mode 2 |51.2Kbps TLM |Erectable|30-foot tion time ~
Voice/HL 10-6 BER
Biomed 90%word intelligi-
bility
LM PM |1. 6Kbps TLM |Erectable|85-foot | Low | High |10-6 BER
Mode 7 |Voice/HL | 90% word intelligi-
‘ Biomed bility

Figures 3-29 and 3-30 depict the circuit margins for LM Mode 1at the

MILA 30-foot station using the steerable and erectable antennas.

Itis

noted that the TLM margins are slightly negative when using the LM
Figures 3-31 and 3-32 show the Mode 1 margins for

steerable antenna.
the 85-foot station at Goldstone.
LM steerable and LM erectable antennas.

coverage for LM Mode 1.

The margins are positive for both the
Figure 3-33 defines the station

LM Mode 2 circuit margins for the MILA 30-foot station are shown in
Figures 3-34 and 3-35 for the LM steerable and erectable antennas
respectively. With the erectable antenna, the 30-foot MSFN stations
provide satisfactory performance in Mode 2. Use of the LM steerable




3-35

11qIQ Jeun ose) ISIOM 30Id ursIeN
3mMOII) (g OPOIN INA) OTOUM-V-SV-9POIN NI INSD “LZ-€ oan31g

5 xpuaddy 2ag) "sepowt NI IT¥ 10} dyenbape jou st
UOLILID A[OYM-B=SEL-IPOUT GPO °Q Y TBY) SAIEDIPUT BIBP [LIUAWLISAXE :9J0N

YH: XVa ‘TNLL AISdVTE NOISSIN

9:c f 2 (8 08 (143 4 1143 4 8T:¥ OI:¥ 1423 N4 5 AN 1) 8 4 8:¥ 9y [ 2 2

(434 0¥ 22:¢

l~xu0nlxxxll KX K et X XK i X (Y vt Y KX et
t

5 B

i ! | | i
H i i i

NOOW A€ dd1TINI20 ITOIHIA - XXX

ASYHJ-IITdS WT AOVEAVId (W11) ¢ IAON WJ

(MEN) NIVD HDIH ‘YNNILNV OS
HOIH :¥IMOd LINSKVYL DS

ATOHM-V-SV-TAONW Wd WSO +
(VNNTLINV Ld-§8) INOLSATOD :NOLLVLS i i
LIHYO Y¥YNNT :

1§

11

(48

aa ‘NIDHVI LINDHID



3-36

J1IqIO JBUNT ‘9SsB)) }SIOM (93BI0A0D
uonyeIS (g SPOIN IN) SIOUM-V-SV-9POIN INI INSD °8%-¢ oIndig

VNNILNV ONNOYD LJd -G8«

IR smex T77] mam
i Bl oo

WSO WSO
IS VNNEZINVY OS
ANHOHT

. ]
YH:AVA ‘IWLL QISIVTH NOISSIN NOTLVAVAAS WSO /W —

LNHIDISHT T
AVIS HYNNT
w w @
- = [
o« =) IS

T |

LINIOSY NIVIN
‘IHL SNOAZAANIY WT/NSD
- oY

LY W

INIOSV IWT TZITVILINI l—
=
Y

Ly
e1-g

. . e vV
™ N [ = —
S [ o e} (=]

T N IR B

01
80°%
— 90t
—  z0'%

[ 00°%
(4423
0c:¢

L L

SVXAL
SYINAVAD
1111 IR +ANOLSTTOD
TMIYMVH
[ «VHUIANYD

WTas
NOAYVNYUVD
*AIIAVIN
NOISNA DSV
ANV'ISI AHVYNVO
VADILNV
vannuEd

VINVHVE ANVYD
VTIIN

1101 1
1 I 1

(L

[l 110 10 1

HONVYH
LNVIS
NVIN

Y

wu 00 [ZOW 00 Pz NALLIFG SHTUVA

HOLVINAOWAU AONINDIYS YEIHHVYD HHL NI
QTOHSTYHL WA €9Q0 '8 ONILIIN NO ISVE IOVHIAOD e
QNNQOYD HOIH {DS-HOIH ‘HEIMOd ONILLINSNVYL e
(¢ IAGOW WJ) JTOHM-V-SV-TAOW WA JINI'INMOJ WSO e

(LNIOSV T OL LNADSHA INT)
NOISSIN YVNNT TVOIdAL V DNIMNA INIL dASIVTH NOISSIA 40O NOLLONNA V SV
HONVINHOIHHd SNOLLVOINAWNOD ATdVIAIDOV 40 SNOIOTYH



3-37

m e

£elg JRUNT ‘ose) )SIOM ‘BUUDIUY
a1qeI09)S ‘10Id UISIBIN JINOJIID T OPOIN INT '62-€ 2an3rg

YH:AVA ‘AWLL AISAVIE NOISSIN
s (] (443 4 0¢:F 8L 9LF  FL¥  TLF oUW 8:¥ 9 34 143 4

113 4

WL

A2I0A

TTIVIIILS VNNILNY OS
HOIH :¥3AMOd LIWSNVHL OS

(434 4-07) WL Sdg%-3 '1¢ GUNOIE TH/IJI0A 1 FAOW WT
(VNNELINV LI-0€) VIIN NOILVLS
AVLS 4VNOT

(12

11

(4

4d ‘NIDHVN LIndyHID



3-38

m

01

9:¢

Ae)g JeunT ‘ase) ISIOM ‘BUUIIUY
o1qB109aH ‘10Td UISIBIN 3INDITD T PO W'T °0€-¢ 9IndTd

HH:XV( "INLL qISIVTI NOISSIN

¥s (41 0% 2% 0% BL:F 9T:F YLV TP OLF  B¥ 9% 132 ¥ 0¥ 26 026  BLE el ¥UE
T T T T I T T 0
1
4
i
] £
v
g
-
9
W1L
L
} 8
“ N . 7
,_ — i it ’
: ‘ ! ADI0A 4
N §
i or
| i
" 11
FTIVLOTHT {VNNALNV DS .
HDIH :¥IMOd LINSNVYL OS
(434 o_01) WL Sd4¥-¢ 1§ 'AANOIE TH/IJIOA T ZAOW W (4
(VNNIINV LA-0€) VIIN NOILVIS
AVLS HYNNT 1
£1
I T ! i
i m “1
: i |
e e i ! 21

64 ‘NIDHVI LINDWID



3-39

Aelg Jeuny ‘ose) ISIOM rmnzmaa{
| "1¢-¢ oandLg

91qeI99]8 J0Id UISIBI }INOJID T SPOIN IN'I

YH:AVA 'IWLL QISAVTA NOISSIA

96 5 e 0% T 0Ty 8P 9UF FEF Sl OLv @b 9% Wy oz 0'v  2%E  0ZE 8LE  9LE  FEE
9-0t T T T 1 T T T 1 T T T T 1 I 0
1
z
£
i “ N
WAL i ¥
-
: g
9
ADIOA - B
u I
1 L
g
8
]
i
o1
1
ATEVEIILS :VNNIINV OS d
HOIH MAMOJ LINSNVML 0§
(4EY g-01) WL Sd€¥-2 ‘I ‘AINOIL TH/IDIOA T TAOW W'T 21
(VNNAINV 1I-98) ENOLSTTOD NOLLVLS
AVIS 4VNOT .
g1

43

HJ ‘NOWYN LINOMWID



3-40

@0 mes

96

£ejg Jeun ‘ose) I}SIOM ‘BUULUY
oTqeIoead )0Id UISIeN JINDIID T SPOIN NI "3g-§ 2andid

YH:AVd ‘TWLL q3Sdv'1d NOISSIR

¥:S 2% 06 Iy OLF  BIF OLF  ¥DR LR oLb &% 9F By TF 0P 2TE 0§ 8TE WS VIE
T T T T T T T T ! T T T | T ! i 1 S

-
9
L
g
8

WIL

o1
M 11
A010A (44
gt
1
ST
91

FTEVIOFET VNNILNV OS i

HOIH M3MOd LINSNVYL OS
(436 -01) WL SIE¥-2 1§ ‘AAWOIE TH/HDIOA 1 FAOW W1 L1
(VNNELNV Li-¢8) ENOLSUTIOD :NOLLVIS

FONVISKI HVNAT 4
81

4
61

€4 ‘NIDYVR LINJHID



3-41

ITL SNOAZIAANTY WT/IWNSD
o [ F-

B
S

W
Y

|

JUSDOSY-JU9IS( ‘98B ISYOM (898BIS9A0) UOTIRIS T OPOIN IN'T °‘£€-¢ 9anSig

INFOSY WY ZITVLLINI —

LINTOSV NIVIN —

W 'S
-t .'V
© =

| L

N 'S
- -
. 3]

VNNILNV ONNOYD LI -68x

M aneviozua

EEEEY wavudnals
W1
aIsn VNNILNY OS
ANZOHT

- NOILYHVJES WSO /T —
LNIDSEIA N1
AVIS UYNNT

YH:AVA FAWLL QasSAVTE NOISSIN

€
€
€

0ty
80y
90y

— 00'%

— 2zi¢

A 0z
81
91
pIg

‘,
r (4 225

SYX3L

SVINAVYD

ANO 1 SAT0D

ITYMVH

«VHUIINVO

v

—

e

NVND

NOAYVNYVO

*MHAVIN

NOISNEOSY

UNVIST AHYNVYD

VNADILNV

i
I |
|

NI - Vaawgaa

Il i VWVHVE ANVYD

—

I VI

00 €IZOL VO 012 NIIMLALG SHIUVA - JL.VYH
INVIS
NV3N

(y3g w-oc WTL Sdg3 - 18
JANOIL /ADIOA
'HOJ SNIDHVIA LINOHID AALLISOd NO QASVE IDVHIAOD @
ANNOYD-HOIH ‘IS-HOIH ‘UIMOJ ONILLINSNVHL ®
I HGOW WA JNIT-NAOQ NI @

(LNADSY WT OL INADSIA WT)
NOISSIN ¥VNNT TVIIdAL v ONIMNG JWLL dISAVTH NOISSIN 10 NCILONNA V S
TONVINHOLHEd SNOLLY JINAWIWOD FTdVLAIOOV 40 SNOIDAY




3-42

=N A

Ae)g qeUNT ‘9S®) )}SIOM ‘RUUIUY
91qeI99)S ‘101d UISIBIN }MOJID g 9POIW IN'T "¥E-¢ 9Insig

YH AVA ‘TWLL qISdVTE NOISSIN

9:L ¥ %6 ok Zgp OZp 2v 9TiF RLIR 2P OLb B¥ 9¥ 234 (444 0% W 0TE 3¢ N €3
T T T T T T T T T T T T T T T T T T U
Nl
WL 1-
0
1

; I

FDI0A i
4
. ¢
¥
S
9

! 4
L

.
8

ITIVIIILS VNNAINV OS -

HOIH HEAMOJd LINSNVYL DS
(934 ¢-0T) WL S463-2 ‘T4 "AIWOIH TH/IDIOA ‘Nud 2 TAOW WI 8
(YNNILINV Ld-08) VIIN NOILVLS

AVIS HYNAT .
w : | o

Lo ]
I 1

94d ‘NIDYVI LINOHID



3-43

M

aoue)sI(] JeunT ‘ese) IJSIOM
‘eUUSIUY O[QBIPOIT ‘101d UISIEIN JIMOIID g OPOIN W'T "Gg-§ SIndLg

YH:AVA ‘AWNLL GISdVTII NOISSIN

g¢ WS @S 0% TP 0¥  SUF  9LF  phF  LLF oL &b b WR  Eh 0% 2 0E gnE  9UE VIR
-0t T T ~ _ T T T | — _ “ T _ _ . T T 0
: i | .
w ! i
} T
W -
i 14
£
_ y
W1L
g
9
i
J010A L
8
6
o1
1
FTAVIOTET VNNILNV OS -4
HOIH ‘HIMOd LINSNVYL 0§
(yag onoC WL Sdg3-%°1¢ "ANOIg TH/ADI0A ‘NUd ¢ TAON W1 (41
(VNNILNV LJI-0€) VIIN ‘NOILVLS
AONVISIA ¥VNT 7
et
¥

g9d ‘NIDUVW LI



3-44

antenna limits satisfactory reception of Mode 2 to the 85-foot stations.
Figure 3-36 shows the Mode 2 margins for the 85-foot station at Gold-
stone. Station coverage for LM Mode 2 is defined in figure 3-37.
Mode 2 coverage during the descent and ascent phases is limited to the
85-foot MSFN stations.

The lunar stay mode (Mode 7) circuit margins are depicted in figure
3-38 for the 30-foot stations and in figure 3-39 for the 85-foot stations.
It is noted that with the erectable antenna, positive 1. 6Kbps TLM
margins are obtained with both the 85-foot and the 30-foot MSFN sta-
tions. Voice margins are slightly negative with the erectable antenna
and 30-foot station. W.ithout the erectable antenna, negative margins
prevail at all stations. Figure 3-40 indicates the station coverage for
Mode 7.

3.2. 5 LM PM Contingency Modes (Modes 3, 5, 6, and 8)

The LM PM contingency modes operate with the LM omni antennas and/

or the low-output power mode. Full-scale pattern data were not avail-

able on the LM omni antennas at the time the computer calculations for

this report were made. Thus, all backup mode circuit margins, except
for Mode 8, are calculated using @ nominal -3db SC antenna gain. Mode
8 margins are calculated using the steerable antenna/high power output

and erectable antenna/low power output configurations.

Table 3-6 lists the LM contingency modes and the equipment configura-
tions used for the circuit margin calculations in this section.

Circuit margins at the 85-foot station at Goldstone for LM Mode 3 are
shown in figure 3-41. Figure 3-42 shows the station coverage for LM
Mode 3 based on nominal margin calculations.

TABLE 3-6

LM PM CONTINGENCY MODES AND
ANTENNA/POWER CONFIGURATIONS

Antenna Transmit Power
Modes | Service(s) SC MSFN sSC MSFN Criteria
LM PM (1. 6Kbps TLM [Omni | 85-foot | High High |10-3 BER .
Mode 3
LM PM |Voice Omni 85-foot | High High |[See Section 3.1.3
Mode 4 |1.6Kbps TLM
LM PM |BU Voice Omni | 85-foot  High High [70%word intelligi-
Mode 5 30-foot bility




TABLE 3-6 (Continued)
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Antenna Transmit Power

Modes | Service(s) SC MSFN SC MSFN Criteria

LM PM | Emergency |Omni 85-foot| Low High |20 characters per

Mode 6 | Key minute; 60% copy-
ing'accuracy

LM 1. 6KWPs TLM|Erectable| 85-foot| Low N/A  [10-6 BER

Special | Voice/HL 70%word intelligi-

Mode 8 | Biomed/EMU | Steerable | High bility

LM Mode 5 provides backup voice at baseband.

Both the nominal. and

worst case circuit margins are positive for the -3db SC antenna when
using the 85-foot MSFN antenna as shown in figure 3-43. Considering
only the nominal case conditions, satisfactory performance of Mode 5

Is also possible at the 30-foot MSFN stations.

Figure 3-44 shows the

station coverage based on the nominal case circuit margin calculations.

Figure 3-45 depicts the performance of the emergency key channel
(Mode 6) using a -3db omni antenna and the LM low-power output.
Margins are included only for the 85-foot stations since key demodu-

tors are not implemented at the 30-foot stations.

Figure 3-46 shows

station coverage based on worst case circuit margin calculations.

LM Mode 8 is a special mode designed for use in the event of a

failure in the 1.25 MHz subcarrier oscillator.

This mode is not de-

signed to operate using omni antennas; therefore, the circuit margins

are calculated using the LM steerable and erectable antennas.

Figure

3-47 is the circuit margin plot for all services of Mode 8 using the

LM steerable antenna and high power output.
station coverage for this configuration.

Figure 3-48 shows the

Circuit margin plots and sta-

tion coverage charts for the erectable antenna with low power output
are shown in Figures 3-49 and 3-50 respectively.

3.2.6 LM FM Modes

The LM USB system operates with either a PM carrier or an FM
carrier, but not with both simultaneously. The FM capability pre-
sented here is thus valid only when a PM mode is not required.
Table 3-7 lists the LM FM modes and the equipment configurations
used in the circuit margin calculations.
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As in the case of the CSM FM modes, the LM FM circuit margins are
calculated using the mode-as-a-whole criteria. The detailed discussion
in Appendix C applies also to the LM FM modes.

Figure 3-51is a plot of the nominal and worst case mode-as-a-whole mar-
gins for LM FM modes with the steerable antenna. Note that the worst
case margin is approximately 4db negative. Figure 3-52 depicts the mode-
as-a-whole margin using the erectable antenna. In this case, both the
nominal and worst case margins are positive. The station coverage for
the LM FM modes is shown in figure 3-53.

TABLE 3-7

LM FM MODES AND
ANTENNA/POWER CONFIGURATIONS

Antenna Transmit Power

Mode | Service(s) SC MSFN SC MSFN Criteria
LM FM | Voice/EMU, | Steerable |$5-foot [ High | High [Mode-as-a-whole
Mode [HL Biomed |Erectable 8. Odb in a 4MHz BW
3-A 1. 6Kbps

TLM
LM FM | Voice/EMU, | Steerable |85-foot | High | High [Same as 9-A
Mode |HL Biomed |Erectable
9-B 51. 2Kbps

TLM
LM FM|TV Steerable|85-foot | High | High |Same as 9-A
Mode [Voice/EMU, [Erectable
10-A | HL Biomed

1. 6Kbps ‘

TLM |
LM FM|[ TV Steerable [85-foot | High | High |Same as 9-A
Mode | Voice/E MU/ [Erectable |
10-B | HL Biomed

51. 2Kbps

TLM
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4.0 Up-Link Modes Circuit Margin Analysis
Consideration of the up-link performance for the typical lunar mission is
limited to a brief discussion of the system capability and a tabulation of
the circuit margins for each up-link mode at lunar distance. The large
RF output power on the up-link results in signal levels at lunar distance
sufficient to provide positive circuit margins in all cases, except in up-
link CSM mode 6 when using the SC omni antenna. However, since the only
down-link PRN modes (7 and 9) which can be used with the omni antenna
have negative marginswith subcarriers on the up-link, operation of up-
link mode 6 with the omni antenna is not feasible. Thus, barring a catas-
trophic failure of the SC USB communication equipment, satisfactory
performance of the required up-link functions will be achieved at all times
during the mission.
4.1 CSM Up-Link Margins
Table 4-1 is a tabulation of the up-link mode circuit margins for the CSM
USB system. The circuit margins listed for the various combinations are
based on parameters for an 85-foot MSFN station utilizing high-power out-
put. The margins are calculated for a slant range of 215,000 nm, using
worst case tolerances.
TABLE 4-1
CSM UP-LINK CIRCUIT MARGINS
Circuit Margin (nearest db)
Mode Service CSM High-Gain Antenna CSM Odb Omni Antenna
1 PRN Ranging* Not defined Not defined
2 Voice 30 8
e 30 8
4 PRN*
Voice 10 4
5 PRN* Not defined Not defined
Up-Data 10 4
6 PRN*
Voice 7 2
Up-Data 4 -1
7 Voice 25 4
Up-Data 25 4
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4.2

For Modes 2, 3, 7, and 8, a reduction in up-link power to 2 Kw and the use
of a 30-foot MSFN station yields positive circuit margins when the SC high-
gain antenna is used. Although it is not apparent from the magnitude of the
margins shown, the same statements are true for Modes 4, 5, and 6. PRN
range code interference in the voice and up-data channels limits the per-
formance of these channels to approximately the level indicated by the cir-
cuit margins for the SC high-gain antenna in table 4-1. For example, the
voice circuit margin for Mode 4 using a zero-db omni antenna gain at a
slant range of 1000 nm is 10, 4db. At a slant range of 220,000 nm, using

a 27db SC antenna gain, the circuit margin is 10, 3db, The total received
power atthe larger range decreases due to a 46. 8db increase in space 10ss.
The antenna gain has increased by 27db resulting in a net loss of 19.8db in
total received power. Thus, despite this large loss in available power, the
circuit margin has decreased by only 0. 1db,

Table 4-1 shows that all up-link modes, with the exception of mode 6 perform
satisfactorily on the SC omni antenna if an 85-foot MSFN station is used.

LM Up-Link Margins

Table 4-2 gives the LM up-link circuit margins. These margins are calcu-
lated for an 85-foot station using high power output at 215,000 nm with worst
case tolerances. Expansion of the LM USB system to include an up-data
capability is planned. Due to the -3db omni antenna gain anddegradation in
the SC wide-band phase detector, the LM up-link is constrained to receiving
either voice or up-data, i.e., simultaneous up-data and voice will not be
possible at lunar distance when' the omni antenna is used.

TABLE 4-2
LM UP-LINK CIRCUIT MARGINS

Circuit Margin (nearest db)
Mode Service LM -3db Omni Antenna
1 PRN Ranging* Not defined
2 Voice 7
3 PRN* Not defined
Voice 4

*Ranging channel performance is based on a two-way link.



APPENDIX A
SYSTEM PARAMETERS VALUES FOR CIRCUIT MARGIN CALCULATION
The listings in this appendix are a compilation of all the Unified S-Band Sys-
tem parameters used in the calculation of circuit margins. The values
listed, except where noted, correspond to those appearing in the applicable
Performance Interface (P&I) Specifications or related Specification Change
Notice.

Table A-1 lists the parameter values for the CSM system. Table A-2
lists the LM system parameters.

TABLE A-1 (3)

CSM System Parameters (Up-Link)

Lp-Link Nominal Tolerance Units
Parameter Value Worst Best

MSFN Transmit Power (High) 10,000 -500 +500 Watts

MSFN Transmit Power (Low) 2)000 -100 +100 Watts

30 Foot Antenna Transmit Gain 43.0 -0.0 +0. 25 db

85 Foot Antenna Transmit Gain 52.0 -2.0 +0.0 db

Up-Link Carrier Frequency 2106.406 | 0.0 0.0 MHz

SC Antenna Receiver Gain

Omni (Specified) 0.0 0.0 0.0 db
High-Gain (WBW) 3.8 0.0 0.0 db
High-Gain (MBW) 2.8 0.0 0.0 db

High-Gain (NBW) 23.3 0.0 0.0 db
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TABLE A-1 (a) (Continued)

Up-Link Nominal Tolerance Units
Parameter Value Worst Best
SC Receive Circuit Losses
Omni Antenna -6.2 0.0 0.0 db
High-Gain Antenna -7.0 0.0 0.0 db
SC High-Gain Antenna Pointing
Loss -0.20 0.0 0.0 db
Polarization Loss 0.0 0.0 0.0 db
SC Receiver
IF Noise Bandwidth 4.6 0.3 0.0 MHz
Video Noise Bandwidth 1.7 0.0 0.0 MHz
Carrier Loop Noise Bandwidth 800.0 0.0 0.0 Hz
Voice Subcarrier
Predetection Noise Bandwidth 22.0 2.2 1.1 KHz
Updata Predetection Noise
Bandwidth 22.0 2.2 1.1 KHz
Required Signal-to-Noise Ratios
Carrier 12.0 0.0 0.0 db
Voice 10.0 0.0 0.0 db
updata 10.0 0.0 0.0 db
Up-Link Modulation Indices
Mode 1 PRN Ranging 1.34 | 0.0 0.0 rad
Mode 2 Voice 1.85 1 0.0 0.0 rad




TABLE A-1 (a) (Continued)

A-3

Up-Link Nominal Tolerance Units
Parameter Value Worst Best
Up-Link Modulation Indices
(Continued)
Mode 3 Updata 185 0.0 0.0 rad
Mode 4 PRN Ranging 0.80 0.0 0.0 rad
Voice 1. 85 0.0 0.0 rad
Mode 5 PRN Ranging 0.80 0.0 0.0 rad
Updata 1.8 0.0 0.0 rad
Mode 6 PRN Ranging 0.50 0.0 0.0 rad
Voice 1.00 0.0 0.0 rad
Updata 0.76 0.0 0.0 rad
Mode 7 Voice : 1.10 0.0 0.0 rad
Updata 1.10 0.0 0.0 rad
Mode 8 Backup Voice 18 0.0 0.0 rad
System Noise Temperature 5800 *+ 2.75 X 1013 Pc °k
Where Pc =received carrier power in watts
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TABLE A-1 (b)

CSM SYSTEM PARAMETERS (DOWN-LINK)

Down-Link Nominal Tolerance Units
Parameter Value Worst Best
SC PM Mode Transmit Power
High 1.2 0.0 0.0 Watts
Low 2.8 0.0 0.0 Watts
Bypass 0.125 0.0 0.0 Watts
SC FM Transmit Power 10.0 0.0 0.0 Watts
85 Foot Antenna Receive Gain 53.0 2.5 0.0 db
30 Foot Antenna Receive Gain 44.0 0.0 0.25. db
SC Antenna Transmit Gain
Omni Measured Pattern Dafa
High-Gain (WBW) 9.2 0.0 0.0 db
High-Gain (MBW) 20.8 0.0 0.0 db
High-Gain (NBW) 27.0 0.0 0.0 db
SC Transmit Circuit Losses
Omni Antenna 6.2 0.0 0.0 db
High-Gain Antenna -7.0 -0.7 0.0 db
Down-Link Carrier Frequency
(PM) | 2287.5 0.0 0.0 MHz
(FM) | 2272.5 0.0 0.0 MHz
Ranging Channel Gain Constant 0.615 0.0 0.0
MSFN PM Receiver
IF Noise Bandwidth 4.80 0.50 -0.50 MHz




TABLE A-1 (b) (Continued)

Down-Link Nominal Tolerance Units
Parameter Value Worst Best
MSFN PM Receiver (Continued)

Carrier Loop Noise

Bandwidth
Wide 700 140 0.0 Hz
Medium 200 0.0 -40.0 Hz
Narrow 50 0.0 -10.0 Hz

PRN Ranging Noise 1.0 0.0 0.0 Hz

Bandwidth

Predetection Noise Band-

width
Voice/Biomed 42.0 6.0 0.0 KHZ
51.2 Kbps TLM 180.0 18.0 -18.0 KHz
1.6 Kbps TLM 7.25 0.725 -0.725 KHZ
Emergency Key 1.35 0.135 -0.135 KHZ
Backup Voice 2. 84 0.284 -0. 284 KHZ

MSFN FM Receiver

Predetection Noise Band-

width
Unfiltered 16.8 0.0 -7.2 MHz
Medium 4.0 0.8 0.0 MHz
Narrow 1.0 0.2 0.0 MHz
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TABLE A-1 (b) (Continued)

Down-Link Nominal Tolerance Units
Parameter Value Worst Best
MSFN FM Receiver (Continued)
Loop Noise Bandwidth
Wide 11.0 1.1 -1.1 MHz
Narrow 4.0 0.4 -0.4 MHz
Required Predetection Signal-
to-Noise Ratios
Carrier 12. 0% 0.0 0.0 db
PRN Ranging 32.0 0.0 0.0 db
Voice/Biomed 8.0 0.0 0.0 db
51.2 Kbps TLM 8.5 0.0 0.0 db
1.6 Kbps TLM 7.4 0.0 0.0 db
Emergency Key -10.5 0.0 -4.0 db
Backup Voice 4.0 0.0 0.0 db
FM (Mode-as-a-whole) 8.0 0.0 0.0 db
Peak-to-RMS Value
PM Backup Voice (Zil?gpl?ﬁgl)( 1.52 0.0 0.0
Downlink Modulation Indices
Mode 1 Voice/Biomed 0.70 0.0 0.0 rad
51.2 Kbps TLM 1.20 0.0 0.0 rad
Mode 2 PRN Ranging
Voice/Biomed 0.70 0.0 0.0 rad
51.2 Kbps TLM 1.20 0.0 0.0 rad

*6db for the emergency key mode (Mode 6)




TABLE A-1 (b) (Continued)

A-7

Down-Link Nominal Tolerance Units
Parameter Value .| Worst Best
Down-Link Modulation Indices
(Continued)
Mode 3 PRN Ranging
Voice/Biomed 1.20 0.0 0.0 rad
1.6 Kbps TLM 0.70 0.0 0.0 rad
Mode 4 Voice/Biomed 1.20 0.0 0.0 rad
1.6 Kbps TLM 0.70 0.0 0.0 rad
Mode 5 1.6 Kbps TLM 1.60 0.0 0.0 rad
Mode 6 Emergency Key 1.00 0.0 0.0
Mode 7 PRN Ranging
Mode 8 BU Voice 0.70 0.0 0.0 rad
1.6 Kbps TLM 1.20 0.0 0.0 rad
Mode 9 PRN Ranging
1.6 Kbps TLM 1.60 0.0 0.0 rad
Mode 10 BU Voice 120 | 0.0 0.0 rad
System Noise Temperature °K
85'- Antenna
Quiet Sky 96 +3.05 X 1019 pc
Moon at Zenith 209 +3.05 x 101° pc
30- Antenna (cooled)
Quiet Sky 96 + 3.05 x 1019 p¢
Moon at Zenith 135+ 3.05 x 1015 p¢c
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TABLE A-1 (b) (Continued)

Down-Link Nominal Tolerance Units
Parameter Value ~Worst Best
System Noise Temperature K
(Continued)
30t Antenna (Uncooled)
Quiet Sky 250 +3.05 x 1015 pc
Moon at Zenith 289 +3.05 x 1019 Pc
Where Pc = Received Carrier Power in Watts
TABLE A-2 (a)
LM SYSTEM PARAMETERS (UP-LINK)
Jp-Link Nominal Tolerance Units
Parameter Value Worst Best
See Table A-1 (a) for MSFN Transmit Power and Antenna Gain
Uplink Carrier Frequency 2101.802 0.0 0.0 MHz
Polarization Loss
Omni Antenna -0.10 0.0 0.0 db
Steerable Antenna -0.10 0.0 0.0 db
Erectable Antenna -0.10 0.0 0.0 db
Pointing Loss
Steerable Antenna -0.5 0.0 01 db
Erectable Antenna -2.0 0.0 0.0 db




TABLE A-2 (a) (Continued)

A-9

Up-Link Nominal Tolerance Units
Parameter Value Worst Best
Uplink Carrier Fequency
(Continued)
Receive Circuit Losses
Omni Antenna -9.7 -0.50 2.00 db
Steerable Antenna -5.9 -0.50 2.00 db
Erectable Antenna -9.8 -0.50 2.00 db
SC Receive Antenna Gain
Omni (Specified) -3.0 0.0 0.0 db
Steerable 16.5 0.0 3.0 db
Erectable 33.2 0.0 0.0 db
SC Receiver
IF Noise Bandwidth 4.8 0.3 -0.5 MHz
Video Noise Bandwidth 1.8 0. 18 -0.3 MHZ
Carrier Loop Noise 1.1 4 - .4 KHz
Bandwidth
Voice Subcarrier Pre- 22.0 2.20 -1.00 KHz
detection Noise
Bandwidth
Required Predetection SNR
Carrier 12.0 0.0 0.0 db
Voice 10.0 0.0 0.0 db
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TABLE A-2 (a) (Continued)

Up-Link Nominal Tolerance Units
Parameter Value Worst Best
Uplink Modulation Indices
Mode 1 PRN Ranging 1.34 -0.130 0.130 rad
Mode 2 Voice 1.85 -0.180 0.180 rad
Mode 3 PRN Ranging 0.80 0.0 0.0 rad
Voice 1.85 0.0 0.0 rad
System Noise Temperature 3360 + 1.26 x 1014 pc g
Where Pc = Received Carrier Power in Watts
TABLE A-2 (b)
Down-Link Nominal Tolerance Units
Parameter Value Worst Best
See Table A-1 for MSFN Antenna Gains
SC Transmit Antenna Gain
Qmni (Specified) -3.0 0.0 0.0 db
Steerable 20.5 -0.3 0.0 db
Erectable 34.0 0.0 0.0 db
Pointingand PolarizationLosses|  Same as for up-link
SC Transmit Circuit Losses
Qmni 2.0 db




TABLE A-2 (b) (Continued)

A-11

Down-Link Nominal Tolerance Units
Parameter Value Worst Best
SC Transmit Circuit Losses
(Continued)
Steerable -5.1 -0.5 2.0 db
Erectable -8.9 -0.5 2.0 db
SC Transmit Power
High 20.0 -3.0 1.4 Watts
Low 0.72 0.0 0.28 Watts
Down-Link Frequency 2282.5 0.0 0.0 MHz
Ranging Gain Constant 0.630 0.158 ~0. 158
MSFN Receiver Noise Are the same as for CSM Down-link
Bandwidths (Table A- ) with the following
additions,
Additional MSFN Receiver
Noise bandwidths required
for LM Modes (predetection
unless noted otherwise)
Baseband
Voice (postdetection) 4.0 0.40 0.40 KHz
HL Biomed 2.176 2. 17 -2.17 KHZ
EMUNo. 1 400 0.40 -0.4 Hz
2 540 0.54 -0.54 Hz
3 680 0.68 -0.68 Hz
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TABLE A-2 (b) (Continued)

Down-Link Nominal Tolerance Units

Parameter Value Worst Best

Additional MSFN Receiver Noise
Bandwidths required for LM
Modes (Continued)

EMUNo. 4 820 0.82 -0.82 Hz
5 768 0.77 -0.77 Hz
6 660 0.66 -0.66 Hz
7 496 0.50 -0.50 Hz

Additional Required SNR for
LM Baseband Modes

Voice 14.0 0.0 0.0 db
HL Biomed 5.0 0.0 0.0 db
EMU Nos., 1-7 5.0 0.0 0.0 db

Peak-to-RMS Ratio
BU Voice (24db peak 1 52 0.0 0.0
clipping referred to a
3-KHz tone with 6 db/
octave preemphasis)

Baseband Voice (0 db 5.31 0.0 0.0 rad
peak clipping)

Downlink Modulation Indices
Mode 1 Voice/HL Biomed 0.90 0.0 0.0 rad
51.2 Kbps TLM 1.30 0.0 0.0 rad

Mode 2 PRN Ranging

Voice/HL Biomed 0.90 0.0 0.0 rad

*Tolerances on modulation indices are included in the LM Performance and Inter-
face Specification but are not used in the circuit margin calculations.



TABLE A-2 (b) (Continued)

A-13/A-14

Down-Link Nominal Tolerance Units
Parameter Value Worst Best
Downlink Modulation Indices
(Continued)
51.2 Kbps TLM 1.30 0.0 0.0 rad
Mode 31.3 Kbps TLM 1.30 -0.19 0.27 rad
Mode 4 BU Voice 0.80 0.0 0.0 rad
1.6 Kbps TLM 1.30 0.0 0.0 rad
Mode 5 BU Voice 0.80 -0.20 0.20 rad
Mode 6 Emergency Key 1.40 -0.22 0.28 rad
Mode 7 Voice/HL Eiomed 1.30 0.0 0.0 rad
1.6 Kbps TLM 0.90 0.0 0.0 rad
Mode 8 Voice 0.73 0.0 0.0 rad
HL Biomed 0.20 0.0 0.0 rad
*]. 6 Kbps TLM 0.70 0.0 0.0 rad
EMU 1-7 0.20 0.0 0.0 rad
System Noise Temperature See Table A-1 (b)

*Arequest has been made to officially change to this value.
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APPENDIX B

SAMPLE CALCULATIONS

This appendix contains sample circuit margin calculations for the Apollo USB
System. No attempt is made here to justify the mathematical equations used

in the calculations. For a detailed discussion of the USB math model and the
use of Its equations, the reader is referred to two reports by the Systems
Analysis Branch of the Information Systems Division, MSC. (References 1 and 2)

The sample calculation below is for the carrier and information channels of
CSM up-link Mode 6 (PRN, Voice, Up-Data). Worst case conditions are
assumed for an 85-foot MSFN station with high power output and the space-
craft omni antenna at 215,000 nm.

Step Value Units

MSFN Transmit Power 39.8 dbw
MSFN Transmit Antenna Gain i

(includes pointing and circuit loss) 50.0 db
Space Loss (f = 2106 MHz, R = 215,000 nm) -210.9 db
Polarization Loss 0.0 db
CSM Omni Antenna Gain 0.0 db
CSM Receive Circuit Loss -6.2 db

CSM Received Total Power (sum through 1- 6) -127.3 dbw



B-2

(8)
(9)
(10)
(11)
(12)
(13)

(14)
(15)

(16)

1)
(2)
(3)
)
)

Step Value Units
Channel
Carrier Voice Up-Data
Modulation Loss -4.8 -6.6 -9.5 db
Channel Power (7 + 8) -132.1 -133.9 -136.8 . dbw
Noise Spectral Density -191.0 -191.0 -191.0 dbw
Noise Bandwidth 29. 1 43.8 43.8 db
Channel Noise Power (10 + 11)-161.9 -147.2 -147.2 dow
Total Noise + PRN Code -161.9 -145.5 -145.5 dow
Interference Power

Channel SNR (9 = 13) 29.8 11.6 8.7 db
Required SNR 12.0 10.0 10.0 db
Circuit Margin (14 - 15) 17.8 1.6 -1.3 db

Calculation of the down-link mode circuit margins is similar to that for the
up-link. Calculations are shown below for CSM down-link Mode 2 (Carrier,
PRN, Voice, and 51, 2Kbps TLM) assuming PRN and two subcarriers on
the up-link (up-link Mode 6). Worst case conditions are assumed for an
85-foot MSFN station using high power output and the spacecraft high gain
NBW antenna at 215,000 nm. The spacecraft SNR used in determining the
modulation loss (step 9) is calculated with the SC High Gain NBW antenna.

\ Step Value Units
SC Transmit Power 10.5 dbw
SC Transmit Antenna Gain 27.0 db
SC Transmit Circuit Loss -7.7 db
SC Antenna Pointing Loss -0.2 db
Polarization Loss 0.0 db
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Step Value Linits
(6) Space Loss (f = 2287.5 MHz, R = 215,000 nm) -211.6 db
(7) MSFN Receive Antenna Gain 50. 5 db
(includes pointing and circuit losses)
(8) MSFN Total Received Power (sum 1through 7) -131.5 dow
Channel

Carrier PRN Voice 51.2Kbps TLM

(9) Modulation Loss -5.3 -19.4 -10.8 -4.9 db
(includes loss due
to turnaround noise
and up-link sub-

carriers)
(10) Channel Power (8 +9) -136.8 -150.9 -142.3 -136.4  dbw
(11) Noise Spectral Density -204.2 -204.2 -204.2 -204.2  dbw
(12) Channel Noise Band- 17.0 0.0 46.8 53.0 db
width
(13) Channel Noise Power -187.2  -204.2 -157.4 -151.2  dbw
A1+ 12)
(14) Noise + Interference --- _— — -151.2 dbw

Power (dueto cross
modulation products)

(15) Channel SNR (10 - 13 or 50.4 53.3 15.1 14.8 db
10 - 14)
(16) Required SNR 12.0 32.0 8.0 8.5 db

(17) Circuit Margin (15 - 16) 38.4 21.3 7.1 6.3 db
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APPENDIX C

A DISCUSSION OF FM MODE -AS-A-WHOLE MARGINS
IN TERMS OF OUTPUT PERFORMANCE

Introduction

Requirements for the FM channels in the Apollo USB System have previously
been defined interms of an FM mode-as-a-whole signal-to-noise ratio. A
SNR of 8db is required in the effective predetection noise bandwidth of the
carrier frequency demodulator. (See figure C-1.) This 8db mode-as-a-whole
value is defined as threshold for linear operation of the phase-lock loop dis-
criminators in the MSFN stations. However, slightly positive margins based
on the 8db mode requirement do not necessarily ensure satisfactory output
performance. In addition, the non-linear region below threshold is of interest
because the received FM signal power from the Apollo spacecraft at lunar
distance, under worst-case conditions, can cause operation in this region.

The 8db value was assigned early in the Apollo Program, and at that time,
presented the most severe constraint. That is, if the SNRin stayed above

threshold, the final output requireménts would be met or exceeded in each

FM output channel. Thus the single predetection requirement would satisfy
all FM voice, telemetry, and television postdetection requirements. How-
ever, recent evaluations and testings of the FM channels indicate that the

8db requirement will nut be adequate using present MSFN demodulation equip-
ment.

The purpose of this appendix is to investigate the Unified S-Band FM perform-
ance and to determine the required signal-to-noise ratios for each FM mode.,

Experimental data from the Special FM Tests', the LM Gross Tests4, and

the Block II Gross Tests taken in the Electronic Systems Compatibility
Laboratory in the Information Systems Division, MSC, have been used to
qgualify and validate the theoretical results presented here. The threshold

requirements are discussed in detail in an FM report5 to be released shortly.
A block diagram of the FM demodulation channels in the MSFN receiver is
shown in figure C-1.

The system performance curves presented in this appendix are a result of
theoretical analysis and test data evaluation. In most instances test data
secured on FM channel performance in the ESCL is degraded from what is
predicted theoretically. Thus the expected performance curves are theoret-

ical performance predictions, as obtained by Rice's model6 for an ideal
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conventional discriminator, shifted along the horizontal axis by a Adb factor
that represents the mean degradation from theoretical performance observed
during ESCL tests. The value of the Adb shift applied for each transmitted
function is given in the summary table (table C-1) at the end of this appendix.

CSM Telemetry

The CSM FM Modes 1 and 2 have playback CSM telemetry at 1:1 and 32:1,
respectively, phase modulated onto a 1.024-MHz subcarrier. The subcarrier
Is frequency multiplexed with playback voice and three scientific data sub-
carriers at baseband. Even though the spacecraft recorder is limited to a

107° BER, the telemetry channel in the ground station has a 10_6 BER design
requirement. This 10'6 BER requirement insures that the minimum BER

(10"5) obtained at the ground station is limited only by the spacecraft equip-
ment. The input SNR (SNRm) as shown in figure C-1 is therefore determined

by the output power required in the 1.024-MHz bandpass filter for a 10_6 BER.

Expected performance of the Mode 2 telemetry channel with 32:1 playback of
1.6Kbps TLM is described by the BER versus SNRin curves shown in figure

C-2. The curves are plotted for frequency deviations (Af) corresponding to
best case (largest deviation), nominal case, and worst case conditions. The
8.0db FM threshold requirement is within 0. Idb of the best case (largest Af)
input SNR required to achieve a 10_f3 BER. However, for worst case frequency
deviations, an input SNR of 9.3db is required for the 10_6 BER. An 8db SNR

yields a degraded 2.8 x 10'4 BER for worst case conditions.

Center frequency shifts of +500 KHz (center frequency of the incoming FM
signal from the CSM can vary by +500 KHz because of spacecraft transmitter
instabilities and Doppler effects) should degrade the PCM channel performance
by 1to 1.5db for Modes 1and 2. This expected degradation was extrapolated
from test data given in reference 3.

CSM FM Mode 3 provides 32:1 playback of LM 1.6Kbps split-phase telemetry
modulated at baseband. This mode utilizes the 1-MHz prefilter noise band-
width in conjunction with the 4-MHz loop noise bandwidth. The full 6db im-
provement in circuit margins due to the reduction in the effective input noise
bandwidth from 4 MHz in Modes 1, 2, and 4 to 1MHz in Mode 3 is not realiz-
able because of frequency offsets. Signals through the 1-MHz bandwidth are
especially sensitive to shifts in center frequency. The frequency shifts will
result not only in a significant amount of signal energy falling outside the
demodulator passband, but will also increase the impulse noise at the output.
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The expected BER versus SNR, = curvesare shown in figure C-3. A nominal

2db degradation from theoretical has been included to account for the degrada-
tion observed in the system tests. Effects of a 400-KHz offset frequency are
also shown. Note that for the case of no frequency offset, the 8. Odo FM

threshold requirement meets the input SNR requirement for a 1070 BER for
best and nominal case conditions only.

LM Telemetry

LM Modes 9 and 10 have real time 1.6Kbps or 51.2Kbps telemetry phase
modulated onto a 1.024-MHz subcarrier. The telemetry subcarrier is then
frequency multiplexed with a 1.25-MHz voice subcarrier and TV (only Mode

10 has TV). The input SNR requirement for the carrier frequency demodulator

IS determined by the output SNR needed to obtain a 107 BER in the telemetry
channel.

The expected 51.2Kbps telemetry characteristics illustrated in figure C-4
are theoretical curves degraded by 2db. This 2db degradation is due to ex-
cessive stress in the FM demodulation loop and should not be confused with
the telemetry degradation in the 1.024-MHz subcarrier demodulator and
decommutation equipment. The nominal case 1.6Kbps telemetry curve (1)
in figure C-4 is obtained from the experimental results. It is doubtful that
the best case characteristics for 1.6Kbps telemetry will show any improve-
ment over the experimental data since the carrier frequency demodulator
will begin to lose phase lock below 3. 5db. It can also be expected that some
FM demodulators at the MSFN sites will be unable to hold lock at 3.5db. A
worst case signal-to-noise requirement of 5.5db is used to account for these
variations in demodulator performance. The output characteristics of the
telemetry channel shown in figure C-4 indicate that an input SNR of 12.5db

IS required to achieve a 107® BER for the condition of worst case frequency
deviation. The mode-as-a-whole requirement of 8db will result in an un-

acceptable 4 x 1073 BER for 51.2Kbps telemetry.

CSM Playback Voice

Playback voice at 1:1and 32:1 is frequency modulated directly onto the carrier
at baseband for FM Modes 1and 2, respectively. Because of the close prox-
imity of the scientific data channels, some interference noise from these
channels will appear in the 90-KHz output voice bandwidth. This interference
should not have any effect on the 1:1 playback voice. However, preliminary
test data indicates considerable incidental frequency modulation effects ex-
hibited by the demodulator below 1KHz will degrade the 1:1 playback voice.
Tests are underway to determine the amount of voice degradation present for
both the 32:1 and 1:1 playback conditions. No word intelligibility test data are
currently available for comparison.
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The expected output characteristics, SNROut Versus SNR.m, for Mode 2 using

P&I Specification parameters are shown in figure C-5. The output SNR re-
quirement is 14db for 90% word intelligibility, assuming 12db clipping and

no preemphasis. (This 14dbrequirement is true only for a Gaussian type
input noise spectrum. When the 14db output SNR level is below FM threshold,
impulse noise may severely degrade the voice intelligibility. The effects of
impulse noise below FM threshold are currently under investigation at MSC .)
Assuming that the output SNR requirement is 14dbregardless of FM thres-
hold, the required SNRin for playback voice are, from figure C-5, 9.7db,

10db, and 10.7db, respectively, for best case, nominal case, and worst case
frequency deviations. Note that the 8. Odb mode-as-a-whole requirement is
well below the input SNR required for acceptable voice.

Frequency offsets should produce little degradation to the analog-type play-
back voice at baseband. Degradations due to frequency offsets are limited
mainly to the telemetry channels.

LM Voice

LM FM Modes 9 and 10 have real-time voice frequency modulated onto a
1.25-MHz subcarrier which is frequency multiplexed with the telemetry sub-
carrier and baseband TV. This composite signal is then modulated onto the
S-band carrier. The required input SNR for voice is determined by the out-
put SNR (14db, RMS signal to RMS noise) needed to obtain 90%word intel-
ligibility.

Figure C-6 depicts the expected SNROut versus SNR, transfer character-

istics for the total FM/FM system; i.e. , through two cascaded FM demodu-
lators. These curves consider only the variations in peak frequency devia-
tion, as listed in the LM P&I specifications, for distinguishing the various
operating conditions. The input SNR required in order to obtain a 14db output
SNR is 7db for the best case, 9.2db for the nominal case, and 11.3db for the
worst case operating conditions. At the specified 8. Odb input threshold level,
the nominal and worst case output performances are severely degraded.

It should be noted that the 14db output SNR level occurs below FM threshold.
The remarks in the CSM Playback Voice section regarding impulse noise
degrading voice intelligibility are also applicable for the LM voice channel.

CSM Television

Television at baseband is the only information transmitted on CSM FM Mode
4. The required output SNR for television is 19db, RMS signal to RMS noise.
Test results indicate that the optimum predetection - loop filter bandwidth
configurations are 4 - 11 MHz for LM and unfiltered - 4 MHz for CSM.
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In the CSM configuration the loop does the actual signal filtering. However ,
in the LM modes, test results indicate considerable distortion, and hence,
degradation occurs in the unfiltered - 4 MHz configuration. This distortion
Is due to the large instantaneous frequency error caused by the simultaneous
voice, telemetry, and television modulation. The larger 11~MHz loop filter
minimizes the distortion and should be used with the 4-MHz predetection
filter for receiving LM FM signals. If the LM configuration is .used for the
CSM, a 0.5db degradation will result. The expected SNRout Versus SNRin

characteristics using frequency deviations as listed in the CSM/LM P&I
Specifications are shown in figure C-7. The picture quality is degraded by
frequency offsets when using the 4 MHz - 11 MHz combination, but little
degradation occurs for the unfiltered - 4 MHz combination, However, the
4 MHz - 11 MHz combination provides better picture resolution at center
frequencies. Three television pictures are available for comparison in
figures C-8, C-9, and C-10. The input SNR conditions are, respectively,
5db and 9db with no frequency offsets and 5db with a 500-KHz frequency off-
set. The pictures were generated by a TV test set and do not include any
camera or lighting degradation.

LM Television

Television is transmitted at baseband on LM Mode 10, together with voice
and telemetry subcarriers. The required output SNR for television Is speci-
fied as 19db, RMS signal to RMS noise. Effects of the voice and telemetry
subcarriers on the TV channel SNR characteristics are negligible. This iIs
in contrast to the FM telemetry channel which is degraded by 2db in the
presence of voice and television.

The 4 MHz - 11 MHz bandwidth configuration in the carrier frequency de-
modulator has an experimental 1.6db advantage over the unfiltered - 4 MHz
configuration. Close agreement exists between experimental and theoretical
results for SNR tests in the television channel.

The expected SNR output characteristics are shown in figure C-11. The
19db output SNR requirement is obtained at input signal levels lower than
the 8db mode-as-a-whole requirement. The television channel will be the
last of the services on the FM modes to fail as signal power is reduced.

The expected television picture quality for input SNR's of 7db and 5db are
shown in figures 6-12 and C-13, respectively. These pictures are gray
scale patterns generated by a TV test set and do not include any camera or
lighting degradation.
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Figure C-8. CSM Television Picture Quality for SNRj; = 5db,
SNR,t = 10db, No Offset Frequency, and a 4-MHz - 11-MHz
Bandwidth Configuration
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21db,

SNR gyt

CSM TV Picture Quality for SNRj, = 9. Odo
No Offset Frequency, and a 4-MHz - 11-MHz Bandwidth Configuration

Figure C-9.
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SNRyyt = 8. 9db,

+500~-KHz Offset Frequency, and a 4~MHz - 11-MHz Bandwidth

Figure C-10, CSM TV Picture Quality for SNRj; = 5. Odb

Configuration
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Figure C-12. LM Television Picture Quality for SNR;, = 7. 0db,
SNR gyt = 20. 5db, Voice and TLM Subcarriers Present, No
Offset Frequency, and a 4~-MHz - 11-MHz Bandwidth
Configuration
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Figure C-13.



C-19

Summary

The input SNR's required to provide the necessary output performance for
the CSM and LM FM modes are summarized on page C-20. As can be seen
from the data, the 8db mode-as-a-whole SNR does not necessarily give the
required output performance. It should also be noted that in all cases ex-
cept the CSM 1:1 playback voice service and LM TV service, expected
performance is below that predicted by theoretical curves. These theoreti-
cal curves are for an ideal conventional discriminator. Phase lock loop
discriminators should perform better than, and certainly no worse than,
conventional discriminators.

Several methods for improving FM channel performance are under inves-
tigation. Analysis and test results indicate that all services can be improved
to perform in accord with theoretical (ideal conventional discriminator) by
providing automatic frequency control (AFC) in the FM channel of the MSFN
receiver and implementing means to minimize stress in the FM demodulator
phase-locked loop. However, to ensure positive circuit margins, it is neces-
sary to improve the FM link by 1.5db and to increase the CSM playback voice
deviation. As a steptoward achieving this improvement, reduction of space-
craft cable losses (to improve the effective radiated power) and improvement
of the worst case gain (50.5db) for the 85-foot antennas have been officially
requested of NAA and GSFC respectively.
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Required Input s~ | “Deviation (Hor - ntal |
(Based on Expected Pesrr}gfﬁ)rn({afn%:pce: :s Actual Margins
Service Out%gqFl’ﬁrrg?nré?]?nce Performance Curves) ‘rom Theoretical irves
Best |Nominal | Worst | Best | Nominal | Vorst Best Nominal Worst
Case Case Case | Case Case Case Case Case Case

CSM
CSM Telemetry

51. 2Kbps

(1:1 Playback) 10-8 BER 6.9db | 7.7db | 8.3db| -1db -1db | -1db | -0.84b | -1.1db -1.7db

(32:1 Playback) 10-6 BER 7.9db | 8,7db | 9.3db| -2db -2db -2db | -1.3db -2. ldb -2.7db
Playback LM Split-
Phase

Telemetry

(32:1 Playback) 10-6 BER 6.4db | 7.1db | 8.6db| -2db -2db | -2db | +6.2db | +5.5db +4.0cb

With 400 KHz

offset frequency 10-6 BER 10.4db { 11.1db |[2.6db| -=8db -6db -6db | +2.2db +1.5db . 0
Playback Voice

32:1 Playback SNR, = 14db based on 90% 9.7db | 10.Odb | LO. 7db| -2db -2db -2db| -3.1db -3.4db -4.1db

intelligibility

1:1 Playback SNR = 14db requirement 7.7db | 8,0db | 8.7db| Odb Odb Odb| ~1.1db -1.4db -2.1db
TV SNRo =19db 7. 4db 7.8db | 8. Idb| -ldb -1db -1db -0.8db -1.2db ~1.5db
LM
Telemetry

51% 2Kbps 10-8 BER 8.7db | 10.2db [12.5db| -2db -2db -2db +3.8db +2. 1db -0.2db

1. 6Kbps 10-6 BER 3. 6db 38.5db | 5.5dh +8.8db +8.8db +8.8db
Voice SNR, = 14db (based on 90% 7.0db | 9.2db |(1.3db| =3db -3db -3db | +5.3db +3. 1db +1.0db

intelligibility requirement)

v SNR_ = 19db 5.0db [ 5.5db [ 6 1db| Odb Odb 0db [ +7.3db | +6.8db +6. 2db

*A minus sign indicates that the expected curve is shifted to the right, i.e.,

performance is degraded.




APPENDIX D

DISCUSSION OF BU VOICE INTERFERENCE IN THE 1.6Kbps TLM CHANNE L

This appendix is intended to show the rather severe discrepancies between
predicted and measured TLM performance in PM modes which contain TLM
modulated onto a 1.024-MHz subcarrier and BU voice modulated directly
onto the carrier. Based on test results in the Electronic Systems Com-
patibility Laboratory in ISD, theoretical calculations for these modes appear
to be quite optimistic. The data presented here was obtained from the LM
Gross Compatibility Test Program.

Figure D-1 shows the predicted and measured TLM BER performance as a
function of total received power for LM Mode 4. When the baseband voice
channel is modulated with a noisy voice signal, the minimum BER of the
TLM channel is severely limited. The 50-Hz carrier loop noise bandwidth
configuration gives the best BER performance; however, the signal level
required to achieve a 10-3 BER is 3 db greater than predicted. Thus, a 3 db
degradation in the calculated circuit margin for 1.6 Kbps telemetry is
possible.

Use of the 700-Hz carrier loop noise bandwidth results in a lower limit of
10-3 onthe BER. This 10~3 BER is achieved only at totally unacceptable
received power levels.

Degraded TLM performance also appears in CSM and LM modes 8., which have
1.6 Kbps TLM with voice at baseband. The BU voice signal at baseband
appears as noise in the carrier loop of the receiver. This noise appears as
phase jitter on the reference signal and in the coherent detection process in
the MSFN receiver. It has also been noted that an additional low-pass
filter inserted in the receiver's carrier loop to reduce false-lock problems
increases telemetry degradation.

The modulation index of the voice signal onto the S-band carrier has been
shown to be a critical parameter for determining the extent of the telemetry
degradation. Additional testing and analysis is presently underway to
determine if a parameter optimization procedure will improve performance
of the BU voice/TLM modes.
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APPENDIX E
SECOND-ORDER CIRCUIT MARGIN DEGRADATIONS

IPM Effects

Incidental phase modulation (IPM) of the down-link S-band carrier result-
ing from structural vibration, power supply ripple, and other similar
pertubations acts as band-limited noise at the input to the spacecraft PM
modulator. This IPM will appear as noise on the coherent carrier refer-
ence in the MSFN receiver. Analysis and test data indicate that signifi-
cant amounts of this narrow-band noise will degrade communication per-
formance, particularly telemetry bit error rates (BER).

Because of the many contributing sources of IPM and the difficulty in de-
termining what level to specify for each source, atotal allowable system
specification is necessary. An effort was initiated at MSC to determine
the maximum allowable level to be imposed on the SC contractors as a
total system specification. The criteria used to define the maximum al-
lowable IPM was based on accepting not more than 2db degradation of the

telemetry 10'4 BER threshold. ~ Based on this criteria, test data showed
that not more than 28 degrees RMS IPM with constant spectral density in a
band from 20 Hz to 5 KHz could be allowed. To ensure minimum degrada-
tion of the down-link PCM data, MSC requested NAA (RID I-4-12, Block II
CDR, Part I) and GAEC (RFC #H-4, LM CDR, Part 2) to add this new re-
guirement to the LM and CSM P&I specification. This value was negotiated
with NAA and GAEC and was subsequently analyzed by the SC contractors
and included in the LM and CSM-MSFN S-Band Performance and Interface
Specifications, LSP 380-17 and SID 64-1613, respectively. The evaluation
by NAA (TDR 66-22) determined that the total S-band system phase jitter'
expected, due to the antenna system, S-band power amplifier, USBE,
transmission line, and RF tracking system, will be 5.35 degrees RMS.
Since the initial value of total system IPM was imposed on GAEC, the
LM's specified value has been reduced to 20 degrees RMS.

Figure E-1 gives the LM test results which show the measured BER for
various IPM levels. The relative degradation to the LM PCM channel
performance is shown in figure E-2.
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E-4

Effects of Finite Transmitted Signal-to-Noise Ratios (SNRT) on Circuit Margins
Circuit margin calculations are made assuming an infinite transmitted
signal-to-noise ratio (SNRT), i.e. , athermal predetection signal-to-noise
ratio (SNRR) based only on thermal noise contributed by the RF link is

used in the circuit margin calculation. In general, this assumption is
valid only when SNRT Is greater than 25db. For SNRT less than 25db, the

effective predetection signal-to-noise ratio (SNReff), which is a signal-to-
(thermal noise +transmitted noise) ratio, is degraded from the calculated

SNRR.

To evaluate the effects of this degradation on circuit margins as presently
calculated, consider the combination of two SNR in the predetection band-
width of a communication channel. The maximum possible SNReﬁ corre-

sponds to the lower of the two SNR present. This maximum occurs only
when the higher SNR is infinite. For any other value, the lower SNR is

degraded. 6 Figure E-3 shows this degradation as a function of the differ-
ence between the higher and lower SNR. This curve can be used to deter-
mine the circuit margin degradation in a particular channel due to a finite

SNRT.

In general, the amount of degradation depends on the specific circuit mar-
gin value considered. For example, assume that the SNRR in the 51. 2Kbps

TLM channel is 8. 5db which is the required value for a Odb circuit margin.
If the SNR.p, is 15db, the SNR,, = SNRp difference is 6. 5db. Using figure

E-3, it is noted that the effective predetection SNReff is7.57db (8. 5db -
0.93db). Thus, the Odb circuit margin is degraded 0. 93db. If SNRp is

15db, which corresponds to a 6. 5db circuit margin, the degradation to the
effectivepredetection SNR due to a 15db SNRT Is 3db. Thus, the circuit

margin of 6. 5db is degraded by 3. 5db. For situations where the SNR,, IS

less than the channel requirement, the circuit margin is degraded by the
amount SNR,, is less than the requirement, plus the degradation to SNRm,

determined from figure E-3.
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